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I. Earty nistory. Iodine was discovered by Courtois (1) in 1811 
during the British blockade of France. Napoleon was cut off from 
Chilean saltpeter for the making of gunpowder, and Courtois had a 
nitrification plant in which the calcium nitrate was treated with the ash 
of seaweed to produce potassium nitrate. The nitrate oxidized the 
iodide in the ash of seaweed to iodine, which crystallized in the vats. 
He observed that it was soluble in ether and alcohol and combined with 
H, toform HI. He states that Pb and Ag iodides are insoluble. Gay- 
Lussac (2) described iodates. Davy (3) found iodine in the seaweed, 
Fucus. Fyfe (4) found it in spongesin 1815-19. Colin and deClaubry 
(5) showed that iodine on starch produced a blue color. Angelini (6) 
and Cantu (7) found iodine in a number of mineral springs that were 
reputed to cure goiter. Egidi (8) and Pleischl (9) found it in spring 
water. Boussingault (10) found it in spring water and in sea water of 
salt marshes, and Laurens (11) found it in Mediterranean water. Bal- 
ard (12) found it in marine animals. Vauquelin (13) found it in various 
minerals. Miiller (14) observed it in watercress. In 1820 the chemist, 
Dumas, collaborated with the physician Coindet (15) in a careful study 
of the use of iodine in the treatment of goiter. Iodine, after its dis- 
covery, had been considered a panacea, but gradually the relation of 
the curative properties of iodine to that of seaweed and burnt sponge, 
which were known to contain large amounts of iodine, was realized. 
This use of seaweeds and sponges was known to the ancients and recom- 
mended by Roger de Palermo in 1180. Coindet found that iodine would 
cure some cases of goiter. He dissolved 48 grams of iodine per ounce 
of alcohol and administered 10 drops, three times a day. At the end of 
one week, he doubled the doses and a few days later raised each dose to 
50 drops (containing about one grain of iodine). Some goiters disap- 
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peared in six to ten weeks, others not at all. Coindet (16) gave warning 
against over-dosing or giving it to sick patients or those who cannot be 
seen by the physician daily. Later he applied it in a salve over the 
thyroid. 

Preparations of the thyroid gland were used four thousand years ago 
by the Chinese, and the use of burnt sponge dates back to antiquity, 
but notwithstanding this knowledge, and the work of Coindet, goiter 
remained world-wide in distribution. 

Lassaigne (17) observed that iodine in aqueous solution is adsorbed 
by charcoal and this observation may serve as a criticism of methods 
in which the material to be analyzed is charred. Davy (18) synthesized 
IC], Gay-Lussae (19) IC] and IC];, and Balard (20) IBr. The forma- 
tion of these substances may interfere with the determination of iodine 
if bromide and chloride are very abundant in the sample and an oxidizing 
agent is added. 

De l’Orme (21) in 1836 and Stein (22) in 1840, found iodine in some 
samples of cod liver oil. Boussingault (23) found that at Cartago, in 
Cauca Valley, and at Sanson (2538 meters), in the Province of Antioquia, 
in the goitrous Andes, there was iodine in the salt used (salt from iodine- 
containing salt springs in Antiochia) and goiter was unknown, but at 
Mariquita and Santa Fe de Bogota (2640 meters), goiter was endemic. 
Goiter appeared at Cartago when the salt from the mineral spring of 
Galinde was replaced by the non-iodized salt of Zipaquira. The sea 
salt of Guaca was called a cure for goiter. One family at Antiochia 
purified their salt to improve its taste and developed goiter. He sug- 
gested that salt containing iodine be sold by the government. 

In 1850, Chatin (24) started out systematically to study the distri- 
bution of iodine in France. Following Miiller he found that iodine was 
not confined to watercress or even to the family of Cruciferae but was 
common to all aquatic plants. He states that plants in running water 
contain more iodine than those in stagnant waters because the plants 
extract it from the water. Chatin’s method was to ash the plant (in 
some cases, after the addition of potash, to help hold back the 1odine) 
boil the ashes in four times their weight of distilled water for fifteen 
minutes, filter and add starch and nitric acid. In 1852, Thenard, 
Gaudichaud and Bussy (25) pointed out that the CO, liberated by the 
acid might carry away a little iodine. Chloride also interfered with 
the determination. When using nitric acid some chlorine is formed. 
They advocate the extraction of the iodide from the dried leachings 
of the ash with alcohol and quantitative determinations. Meyrac 
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(26) found that certain water plants contain iodine that cannot be 
extracted from them by boiling in water for twenty-four hours. Per- 
sonne (27) reported iodine in a water plant. Bussy (28) found iodine 
appearing during the distillation of coal (3700 cc. of the ammonia frac- 
tion of the distillate gave 0.59 gram iodine determined as palladous 
iodide). Mene (29) obtained the same result. 

Chatin (30) extended his studies to fresh water plants of Asia, Africa 
and America, finding iodine in coal, in fresh water animals and rats. 
He found iodine in water, and said iodine is more abundant in ferrugi- 
nous waters and waters from igneous rocks. He found waters from 
melting glaciers and snow deficient in iodine. He found iodine in the 
gangue of rock salt, in commercial potash, soda, ammonia and sea 
salt, and also in liquors and milk. He advanced the hypothesis that 
the deficiency of iodine in certain countries causes goiter. By changing 
the water, or by the use of wine, watercress, eggs or sea salt, goiter might 
be prevented. 

Marchand (31) claimed that all natural waters contain iodine which 
is transported from the sea and brought down in rain, snow and hail. 
He agreed with Chatin that the deficiency of iodine was the cause of 
goiter and cretinism. Chatin (32) found that iodine evaporates from 
water, and more rapidly the higher the temperature. He drew air 
through potash bulbs and analyzed the potash solution for iodine. He 
found that 4,000 liters of air in Paris contained 0.002 mgm. iodine. A 
man breathes 8,000 liters of air a day which would mean 0.004 mgm. of 
iodine. He would get about the same amount of iodine in 2 liters of 
drinking water from the region of Paris. (We know now that much or 
all of this iodine in the air is contained in the dust which consists partly 
of dried organisms.) He found that air exhaled from the lungs retained 
only one-fifth of the iodine and supposed that the alkali of the blood 
absorbed the iodine. He found from 0.08 to 0.5 mgm. in 10 liters of 
rain water in Paris, but the iodine might show a diminution with time 
if the rain was long continued. He found more iodine in rain water 
than in any other fresh water, but it is possible that this may be due to 
the fact that in rain water the substances interfering with the determina- 
tion were eliminated. 

In 1851, Foureault (33) studied the relation between goiter and 
cretinism, and iodine, in various places, and found goiter to be due to 
insufficiency of iodine in water and food. Chatin (34) studied France, 
Switzerland and Piedmont, and found little iodine in the water of the 
goitrous portions. The iodine in rain water of the same locality varied. 
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He found very little iodine in the goitrous regions of the Alps, particu- 
larly in the goitrous valleys. 

Grange (35) introduced nitrous acid as a reagent for the oxidation of 
iodide to iodine. The starch iodide reaction could be used in solutions 
containing five parts per million of iodine. If solutions contained one 
part per million, or less, he used the method of Rabourdin (1850) by 
extracting iodine with chloroform. He confirmed some of Chatin’s 
results. 

In 1852, Chatin (36) analyzed the iodine that could be extracted from 
soil with boiling water. He said that food contains different amounts 
of iodine according to the soil in which it is grown. This applied to 
wheat, milk and cheese. He divided the region studied into six zones, 
but we will combine the third with the fourth, and the fifth with the 
sixth as he did in some of his papers. In the first zone or region of 
Paris, 8,000 liters of air, 2 liters of water, the average food taken by 
one person in 24 hours or the leachings of 10 grams of soil with boiling 
water, contained from 0.005 to 0.01 mgm. of iodine. In this region 
goiter and cretinism were unknown. In the second zone of the Soison- 
ais, goiter is rare and cretinism unknown. Some of the waters are 
deficient in iodine. In the third zone of Lyon and Turin, goiter is 
frequent and some cretinism exists. In the same amounts of material 
is found 0.001 to 0.002 mgm. of iodine. In the fourth zone, the Alpine 
Valleys, goiter and cretinism are endemic. The same amounts of 
material contain only 0.0005 mgm. iodine. He advocated the use of 
rain water in the second zone, and the choosing of water from certain 
mineral springs and importing iodine-rich foods in the third zone. In 
the fourth zone he advocated the use of water from sulphur springs after 
the removal of the sulphur; also the use of iodized salt already advocated 
by Boussingault andGrange. He stated that the animal and vegetable 
products can be iodized by giving the animals mineral water to drink 
and irrigating the plants with mineral waters. 

Chatin (37) found chlorides in the rain water near the sea and 5 mgm. 
of organic matter per liter (indicating the origin of iodine in the rain 
water from sea spray and dried organisms). 

Chatin (38) studied iodine in different water supplies of Paris, London 
and Turin. In some of these in Paris, sewage was abundant and the 
chlorides from urine interfered with the determinations. He found that 
iodine in the sewage of Paris was greater than that in the Seine. He 
advised the people using well water around Paris to substitute rain 
water on account of its higher iodine content. 
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The Paris Academy appointed three commissions of which Thenard, 
Magendie, Dumas, Gaudichaud, de Beaumont, Pouillet, Regnault and 
Bussy, were members, to verify the observations of Chatin. They 
confirmed the chemical studies of Chatin, doing some of the experiments 
themselves and observing Chatin perform others, but did not accept his 
conclusions in regard to the cause of goiter. An extended report is given 
by Marchand, Niepce and Meyrac (39) in 1852, and another by the 
commission (40) in 1853. 

In 1853 Chatin (41) studied two villages, Fully and Saillon, on the 
right bank of the Rhone. Goiter and cretinism were very prevalent in 
Fully, whereas Saillon had not had noticeable goiter until the water 
supply was changed. The source of the water supply had been from a 
spring that was rich in iodine, taken as it flowed into the River Salente. 
A change was made, drawing the water from the river at a point above 
the mouth of the spring, and goiter appeared in the population of Saillon. 

Casaseca (42) found a small amount of iodine in the water of the 
River Almendares in Cuba, also in watercress from the river. He sup- 
posed that this amount of iodine was too small to account for the lack 
of goiter in Cuba. Chatin (43) disagreed with him, claiming that the 
iodine found was sufficient to prevent goiter. 

Chatin’s data were presented to the Academy in the form of tables 
which were not published but abstracts of his work appear elsewhere 
(44). In 1854 Macadam found iodine in a number of edible plants. 
In 1858 Rilliet and Boinet took part in a symposium on iodine and goiter 
before the Paris Academy of Medicine. The work of Chatin seemed 
fairly conclusive, but was accepted only by a very few persons. In 
1867 Saint-Lager (45) stated that deficiency of iodine is not the cause 
of endemic goiter (page 239) and quoted Cantu as having found iodine 
in many waters of goitrous regions in Piedmont, Brunner as having 
found the same in so-called goiter springs in the canton of Berne, and 
Berbert in the goitrous water of St. Pancrace in Savoy, and quoted 
Casaseca. He stated that Dejean, Germain and Moretin did not find 
any more iodine in the waters of the Jura that supply populations in 
which goiter is not endemic than in the water in endemic localities. 
Poulet did not find iodine in the water of Belfahy where there is no 
goiter. The Lombardy Commission did not find iodine in many high 
valleys in Lombardy where cretinism is unknown. 

A number of chemists discussed sources of error in the method, as, 
for instance, iodine in the reagents. The reader is referred to the 
objections of Nadlar (46) in 1861, although we believe his criticisms 
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unfounded. Chatin (47) reviewed his methods in 1876 and advocated 
dividing the sample and using several methods. 

II. lopINE IN THE THYROID. During the period from 1873 to 1895 
Pasteur emphasized to the medical profession the germ theory of disease. 
So convincing were Pasteur’s arguments that the older chemical theories 
were neglected. The germ theory was expected to explain everything 
and the medical profession hoped for the discovery of a germ causing 
goiter. In 1895, the year of Pasteur’s death, Baumann (48) discovered 
iodine in the thyroid gland. The year before, Emminghaus and Rein- 
hold (49) had shown that the administration of thyroid caused rapid 
reduction of goiter. Sheep’s thyroid (assoup) had been used medicinally 
by the Chinese five thousand years before Christ but its effects have up 
to this time apparently not been recorded. Baumann worked in col- 
laboration with the Bayer aniline dye corporation. The thyroids of one 
thousand sheep were used in the production of a substance known as 
thyroiodine (iodothyrin) which seemed to have the same physiological 
effects as thyroid. After twice dissolving and reprecipitating it, Bau- 
mann found it to contain 9.3 per cent iodine. He obtained tests for 
iodine in a colloid goiter and other thyroid glands. 

Murray (50) in 1891 had a myxedematous patient who had been sick 
for five years, and the symptoms were relieved by hypodermic injections 
of thyroid extract. He found the extract just as effective taken by 
mouth, and on this treatment the patient lived in good health twenty- 
eight years and died at the age of seventy-four after taking the extract 
of the thyroids from 870 sheep. It has been shown that not only is the 
gland reduced in size by the natural production of the active principle, 
but also taking the active principle by mouth is a substitute for the 
secretion of the gland in the body. 

Kendall (51) in 1914 isolated thyroxin. He finally obtained enough 
for elementary analysis and gave it the formula C,,;H,.O;N1;._ It is not 
the purpose of this paper to go into the chemistry of thyroxin but merely 
to state that it contains 65 per cent of iodin. Harrington (52) in 1926 
made some further advances in the study of the chemical structure of 
thyroxin giving it the formula C,;;H,;,O,NI;. It is claimed that thyroxin 
has the same physiological effect as thyroid extract, but after its admin- 
istration, the full effect does not appear until about seven days, so there 
is much yet to be investigated in regard to its behavior in the body. 

Baumann continued his work on iodine in the thyroid and this work 
was taken up by a large number of workers. It is not possible here to 
review all this literature, but ‘‘iodine has been found in the thyroids of 
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five species of elasmobranch and one of holocephaloid fishes, one amphi- 
bian, two reptilians, six species of birds and fourteen species of mam- 
mals’’ (Cameron, 53). The average iodine content of the dry thyroid 
has been reported as 0.06 to 0.75 per cent. The average number of 
milligrams in the whole human thyroid has been reported from 4 to 16. 
Zunz (54) in 1919 determined the iodine content of the thyroids of 
normal men killed in the war. He found the whole gland to contain 
from 3 to 45 mgm., the average being 16 mgm. On the dry basis there 
was ().04 to 0.4 per cent, and on the wet basis there was 0.01 to 0.1 per cent 
iodine. Xendall (55), on the basis of the iodine content of the thyroid 
of normal persons in a goitrous region, has accepted the value of 10 mgm. 
of iodine in the total thyroid in the normal human adult. This holds 
true also of Japanese, according to Fukushima (56). It seems evident 
that the thyroid can get along with only 10 mgm. of iodine without 
showing symptoms of goiter. It is claimed by Tatum (57) and Van 
Dyke (58) that in the thyroid gland most of the iodine is in the colloid 
and very little in the cells. The iodine content increases at least up to 
about the age of fifty. 

The iodine content of the thyroid may be increased by feeding iodine. 
Simpson and Hunter (59) found the iodine content of sheep’s thyroid 
to be 0.53 per cent of the dried tissue. By feeding iodine for six weeks 
it was raised to 1.15 per cent. Occasionally a patient has taken large 
doses of potassium iodide and then died, and on analysis of the thyroid 
it was shown to contain up to 380 mgm. (60) or even higher. 

Attempts to show that the normal thyroid contains more iodine than 
the thyroid in cases of simple goiter have led to varying results which 
may be interpreted, however, by assuming that goiter is primarily a 
hypertrophy of the gland due to deficient thyroxin in the body, since 
feeding thyroid prevents hypertrophy or growth of the gland (61). The 
deficiency of thyroxin at first leads to a rapid proliferation of the cells 
of the thyroid with low average iodine content (0.035 per cent of dry 
substance) (62). If the enlarged gland is able to obtain enough iodine 
to prodtice sufficient thyroxin it goes into a colloid stage with an average 
of 0.35 per cent iodine on dry basis. In the colloid stage no symptoms 
of hypothyroidism, or very slight symptoms, are manifested. The fact 
that sufficient thyroxin is produced shows that iodine has been obtained. 
We should then not expect to find a decreased amount of iodine in a 
colloid goiter. Owing to the increase in size of the gland, there may be, 
on the contrary, an increased amount of iodine init. It has been usually 
found, however, that in cases of goiter the iodine per gram of dried tis- 
sue is less than in a normal condition. 
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III. DisrrinuTion or GorrerR. Owing to the fact that no very 
extensive iodine analyses of thyroids have been made, the best data we 
have on the distribution of thyroids of low iodine content are data on the 
distribution of goiter. Marine and his eo-workers showed that if the 
dry thyroid contains much less than 0.1 per cent of iodine, it is hyper- 
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Fig. 3. Districts of roiter-incidence and localities of analyzed soils in New 


Zealand, South Island. 


plastic. Although colloid goiters contain more than 0.1 per cent iodine, 
they were once hyperplastic and then contained less; so the total number 
of goiters shows the total number of thyroids that contain, or once 
contained, less than 0.1 per cent of iodine. 

The earliest general work on the distribution of goiter is that of 
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Hirsch (63). The only countries in the world which were free from 


goiter, according to Hirsch, were Norway, Denmark and New Zealand. 


Goiter and cretinism have been found in Norway and Denmark. New. 


Zealand has been shown to be a goitrous country (64). According to 
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Fig. 4. Districts of goiter-incidence and localities of analyzed soils in New 
Zealand, North Island. 


Hirsch, goiter had decreased in older settled communities, but increased 
after the first settlement of America, and then decreased. In families 
in which goiters have been present for many generations, cretinism may 


develop if the iodine deficiency is intense. About eighty years ago there 
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were estimated twenty-eight cretins per thousand population in the 
district of Aosta, Italy; about fifty years ago there were estimated 
twenty-three cretins per thousand population in the valley of the Mauri- 
enne in France, and nine per thousand in Uri, Switzerland. Cretinism 
is disappearing from these regions. 

In the United States and Canada there have been reported 340 cases 
of cretinism (65). The parents of many of the cretins came from 
Europe. Cretinism is endemic in parts of South America (66). Not 
only are the early settled regions of Canada goitrous, but so are the 
newer settled regions (67). Mexico has considerable goiter (68). 





Fig. 5. Goiter rate per 1000 drafted men in U.S. A., after MeClendon and 
Williams, Jour. Amer. Med. Assn., 1923. 


The geographic distribution of goiter is so irregular that large scale 
maps are necessary to show the details. Such maps have been prepared 
only for Switzerland (figs. 1 (69) and 2 (70)), and to a less detailed 
extent of New Zealand (figs. 3 and 4 (64)). By omitting details and 
smoothing out local irregularities, a small scale map of the United 
States has been prepared (fig. 5 (71)). 

To show the difference in sex and age, college girls of almost the same 
age (slightly younger) as the boys examined in the first draft (fig. 5) 
were examined in some state universities. At the University of Illinois 
45 per cent of the girls had goiter (72), Indiana 33 per cent (73) and 
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Wisconsin 37 per cent (74). These figures are more than ten times as 
great as those shown in figure 5 but small goiters were overlooked by the 
Draft Board. 

Goiter is most common in girls about the age of puberty as shown by 
comparison of the following examinations of school girls with the preced- 
ing figures: 

Michigan (75): Per cent 
gowtrous 
aia seems Biv aanien ilk des «ihe sed Wale oe 71 
sa ss a ads ammbie Shiekh ie ne ca tddehweken 56 
Ne cn a eas See E EM Pe M ena bh 66 «wee meee 33 
en ss a nie bis 5 aie SKE s hehe eeu ibee dames aavlae 26 
Grand Rapide—Hoent County. ........cccccccsscscsscccccesesc 40 
Minnesota (76): 
St. Paul..... Se il ie ae a de aia sai eles os preeee ail eae 73 
os ail v niedieeechabatee wens sab eaS nie 71 
Montana (77): 
Sa, EE OP ET Ty ee ee PP 49 
CL ts in daledgaaehieend kon oow cn see Cry eeek Oke kck Women 39 
| Ne eI Sh Se eee ee hee Ye 34 
ONES 5 SE A An ee ey oe gee YL ie et 6 eA a pt 25 
LR a ea Ce TC ee Pee Ee 13 
NS EPO LON PERE Se Tae Ae ET 40 
i ey ib aan de RE RESSR AAS EGA ES Sr D RAD RE 40 
i et ls eke heb ee ahhh Sieh ess xkeR vad 54 
I ER ee See Pes ee eee eee eT eT 50 
ss ei On creas bu hh Wh Tet ne bee nee nee 29 
is eS oe a ead ehhh a tk gents dee nae Wen 43-79 





These figures may be compared with those of girls in Holland accords 
ing to the Utrecht Goiter Commission 1924: 


City Per cent 
gowtrous 
| a a ce ke 94 
RE RARER Tt ERIN ee Rel ly eee Ie ee ee ee eC rr, 49 
I Jade sh icig Digg Cedi as eee Ce ee el a ee 49 
IR: 6 nn aida wha a Sa Chane Ob RE ONO OE tkinks beeaouk ene 22 


IV. lopINE IN ROCKS AND MINERALS. Gautier (82) determined the 
iodine content of a number of rocks as follows: 


———_— — 


Rock Rock 
Iodine, parts Iodine, parts 
per billion ‘per billion 
I Se oe a eee canes 1,250 Apatite (Cl & F).............. 230 
EER PO OES Oe Uy CU Le 0 
Ee eee A NR eee pee re 0 


Granulite (contains apatite).... 170 
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Von Fellenberg (83) made more extensive analysis as follows: 


Rock 
Iodine, parts 
per billion 
ee 440 
SEE 
SS Ee 810 
i CE 250 
Cristalline-shale Gneiss......... 380 
Es ae 44) 
Te ec hawces ces eed ne 400 
Ce Mies ao Weeks ow Xs 350 
Sericite-quartz-shale........... 220 
EDS xh che eeu e ee sensne 250 
Ee 380 
Shale (Strahlsternschiefer)..... 190 
Cn 200 
Hornblende-shale.............. 350 
ee 330 
Sedimentary rock 
EE ne 300 
ES SESE 7S Sh ee 250 
eG wh wake be oe 270 
ei cn ekana eek iene 1,100 
kena wid 6 aie wis wi 3,700 
EE 
GREER RE ee ree 230 
CE SEES 44) 
NE ee ad ae watt 320 
Diluvium 

Pebbles and Sand from last ice 
Ee rere ee 970 

Pebbles and Sand from last ice 
age (yellow loam)............ 1,040 

Pebbles and Sand from last ice 
| PTT ee 1,380 

Pebbles and Sand from last ice 
S| ere 1,090 


Tertiary 





Iodine, parts 
per billion 


Molas (marine)................ 
Molas (marine 
Molas (marine 
Molas (marine)... .. 
Molas (marine). 
Molas (fresh water) 
ek Sain we 

SP anes ee 
ics, side ain a inti 
Nummulitic limestone.......... 


Chalk 


Marine Chalk (Seewerkalk).... 
Wangschichten. . 
Neocomium... 
Neocomium-eshale.............. 


ee 
LAGS. .... 
Bindner-shale 


Red Dolomite 
Upper Dolomite.. 
fo eee 
Anhydrite. 

Keuper (Grindstone 
Limestone (Muschelkalk)....... 


700 
1,600 
2,300 
1,500 
1,510 


420 


He found that the presence of fossils greatly increased the iodine 


content of a piece of sedimentary rock. 
Since he supposed that iodine might be distributed with 


rich in 1odine. 


It is well known that ec 


oal is 


other halogens he analyzed a number of halogen bearing minerals as 
follows, in comparison with non-halogen bearing minerals: 


Halogen-bearing minerals 


Iodine, parts 
per billion 


Borocite (Mg7By,sOz0Cly). ..... 440 
Apatite, Cl(F)Ca5(PO,)3....... 300 
| St SSE Se 440) 
Pyromorphite, CIPb;(PO4)3.... 10,000 
a 400 


lodi 

P 

Rah hints by penn Ke hee ett 
ince uwken sak wees 
SE eee errr 
I ed eee i hl 


Turmaline. . 
Vesuvianite, 
( Joy + aa 6.6.a.6 


ne, parts 
er billion 


540 
380 
650 
400 
130 


1,130 
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Iodine, parts Iodine, parts 

per billion per billion 

Vannes soa de. ee 1,250 Limonite, Fe.0.3H.O.......... 750 
Seapolite, NagAlsSigOoClCa,- 4 ee ere 2. 200 
BRS soa cae vesxaacodeies Pe MS ios coca cn cenne anean 670 
CE ahs bya + 0:0 06-6 dae ee 

Other minerals Cuprite, a: Saag bales wwe 38 ,000 

re mee , CMDS og ccc eccdavaces 38 , 800 
a ™ T i 7a Mae vverevecers — Bornite, CusFeS3.............. 310 
pew ae POP cer cconsenbianes 420 Proustite, Ag3As53. ahd ee 590 
ee ee: 630 Zincblende, ZnS x comaaden tous 950 
a. 5) Casseterite, SnO,.............. _70 
“recep dtliggy nay a lea, ag OS” eee 500 
( 1Vpsum, Cast ) 42k 1 of Ps hae Sale 270 Cerussite PbCO; 0 
—s CRUE MII, oie y c's a e'vieviceecs 120 

—_— Wulfenite, PhMoO,........... 8,558 

Hematite, FesOs. . .....0cecee 440 Wolframite (FeMn)Wo,....... 550 
Limonite, Fe,033H2O.......... Pitchblende (UPb.)2.U,0On..... 940 


Von Fellenberg and Lunde (84) made more careful studies, particu- 
larly in regard to handling the samples. The samples were broken out 
of the centers of large masses of rock in order to avoid any contamina- 
tion. The method was also carefully scrutinized. The results are as 
follows: 


Rock Iodine, parts 

lodine, parts per billion 

perbillion Labradorite...............ccceees 440 

NE he, oe ee oe nt I Gos Sth oo oko bs wee eee 500 
ON Rr er err ere ee ee TINS ko kn on ove cccwnceuener 160 
NO gg nn ck nh va casas enc ee MIT Ce cisenevecccesceeueen 230 
Es ic ck ceuneeaereceerts et ME Wb has i4:s vs eebaeeeawee 900 
eo Se ore nes daleea eit 310 Phlogopite........ ccdeenetaen 630 
| RN i ites oscar gsk te 180 

Minerals Perithitic-microcline. ............ 370 

EF Pe Pe ee GS cess sv ecasaconseceey 150 
oink cul hkisks wae eaee en a 
aa a one oka kee babes 460) a Gabo escccebacneeeers 550 
IIS, one casas cereewes 940 Smoky Quarts................... 30 


In conclusion we may observe that iodine is widely distributed in 
rocks and minerals of all kinds. The figures given are probably low 
rather than high since there is liability of loss of iodine in dissolving the 
rocks, particularly the silicates. Von Fellenberg and Lunde were not 
able to recover all the iodine added in order to test the method. On 
the anatomic disintegration theory of the origin of the elements, the 
elements of even atomic weight are most abundant because most of 
them have arisen by extrusion of a helium nucleus out of the atom. The 
elements of odd atomie weight are rare, and iodine comes in this class. 
It is probably distributed now largely where it originated. There has 
not been a sufficient amount of it to be easily concentrated by geological 
forces. 
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V. IODINE CONTENT OF SoILs. Von Fellenberg compared the iodine 
content of rocks with that of soils which arose from weathering of the 
same rocks, as follows: 


lodine, parts Iodine, parts 

per billion per billion 
Gilet ssh wp atin vie <6 acne ae il one eed thunten bes 180 
Soil from Gneiss............... ee 6, 400 
aces civ-s i wn’ ee Lik om eaininiavinkneh es 1,760 
Soil from Amphabolite........ 3,150 Soil from same................. 5,950 
Sandandgravelfromlasticeage. 970 Biindners-shale................ 380 
Soil from the same............. Ree SN IED... cw cccc recuse 1,000 
RS ee ee eee 1,000 
uc wbies ee ee 2,200 


He concludes that the soil receives iodine from water that percolates 
through it, and performed some experiments of leaching potassium 
iodine solution through earth to determine the increase in iodine content. 
He supposes that the increased iodine content of the soils comes from 
rain water. 

Von Fellenberg (85) determined the iodine content of soils in various 
localities of Switzerland as follows: 


Per cent lodine, parts 
gowvtrous per billion 
ee aie se ick celatancsnbeekene Wa veveé 10 11,900 
EE ee ee eee ey 12 1 4,940 
I a 56 2 20 
i eK Ghidneeheloewes 61.6 1,400 


The most extensive survey of the iodine content of soils was made in 
New Zealand by Hercus, Benson and Carter (64). 


Iodine in New Zealand soils 


Locality Geology Iodine, parts 


per billion 
South Island: 
Stewart Island: 


a eww ncnvesecneucee Granite 13,400 
UII, gas ses ccwscaciccevaves Granite 12,000 
South of Paterson Inlet............... Mica schist 600 
Bluff : 
ae Norite 400 
Ee Norite 4,200 
aia sae su a6 600.4. i Norite 1,400 
Invercargill and Southland Plain: 
Invercargill—South................... Silt 400 
Invercargill—South................... Silt 2,000 
Invercargill—Georgetown............. Silt 400 
Invercargill—Gardens................. Silt 800 
Invercargill—Waihopai............... Silt 2,200 
Invercargill—North.................. Silt 10,60 


Royal Bush—Gardens................. Silt 5,800 
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Locality Geology Iodine, parts 
per billion 
Invercargill and Southland Plain: 
OB Silt 5,000 
Royal Bush—Virgin.................. Silt 600 
Royal Bush—Paddock................ Silt 1,600 
Royal Bush—in ditch................. Swamp 200 
Royal Bush—in Creek Bed............ Swamp 400 
Taramoa—School.................-e0: Silt 1,600 
TOFAMOG—MAILIAIS. ... cc ccecccccccccn Silt 5,000 
oc ceca seb eneuke Silt 5,000 
pS re Silt 9 ,600 
ONE EE EET Oe Silt 0 
oe earns kane heneeae Silt 0 
is sion ocintbagliie iid due omaeanan River sand 200 
EL «ried ate bis hadéeweaeee mal Silt 200 
i a ihe ce as ee oll Silt 1,600 
a wwii Silt 1,000 
OEE SRO ee Silt 2,400 
i acs i un ob as aeed Silt 800 
Winton—Gap Road..................: Silt 600 
is os inn tn SA ORO Silt 600 
rrr ree Silt 1,000 
Centre Bush—Hill..........cscccccces Silt 1,000 
ean n bees eens caehan Silt 600 
ee eee eee kW hine sn baad Silt 400 
Caroline River Flat.................. Silt 400 
Waimea Plains: 
SE ee ee Silt 1,200 
CO Ere rere Silt 1,000 
ee Se Silt 200 
Gore (Avon Street)............ecseees Silt 200 
Gore (Kitchener Street).............. Silt 200 
Gore (Kitchener Street).............. Silt 600 
Clutha Valley: 
Kaitangata—Efi Street. .............. River sand 1,000 
Kaitangata—Pool Street.............. River sand 1,500 
Kaitangata—School.................. River sand 400 
Kaitangata—No. 1 Mine.............. River sand 400 
Kaitangata—No. 1 Mine.............. River sand 1,000 
Kaitangata—Water Street............ Silt 300 
Kaitangata—Berry Street............. Silt 200 
Kaitangata—River Bank............. Silt 400 
Kaitangata—River Bank............. Silt 200 
ERE ree Silt 400 
i ala i River sand 200 
| a ee ees cima hae aie River sand 300 
a Bi weit lala Shins 0 cide neh chil River sand 400 
ot bak uubtas ne gee us wees Mica schist 200 
NS daca pach id de eae awa eugiel Mica schist 100 
I i ae hee eiaendd biel Silt 400 


IEE ELEN NEL R Paleo-mesozoic 1,000 


SEI AD Paleo-mesozoic 900 
I oo i cccdewsdewes ws Silt 500 
Balclutha—Subsoil Flat.............. Mica schist 1,000 
Balclutha—Subsoil Flat. ............. Mica schist 0 
Balclutha—Renfrew Street............ Mica schist 0 
Balclutha—Argyle Street............. Mica schist 200 
Balclutha—Clyde Street.............. Mica schist 200 


Balclutha—School...............ee0e- Silt . 200 

















Locality 


Clutha Valley: 


F, 


McCLENDON 


Geology 


Balclutha—Pumping Station.......... Silt 
Balelutha—Sinelair’s.................. Silt 
Baiciutha—RKelsy’s................... Silt 
Balclutha—O’Hara’s................. Silt 
Balclutha—Nash’s.................... Silt 
Balelutha—Rosebank............ Silt 
Baleclutha—Rosebank................ Silt 


Beaumont—Hill 


a 


Beaumont—Hill............ 


i 


Alexandra (b) 


EE es 
SS 
ee 


Alexandra (f).. 
Alexandra (g). 
Alexandra (h). 
Alexandra (i) 


GE ee 


‘lyde—Hill 


‘romwell (a) 


‘romwell (c) 


MAYVGO—PIME. . 0... cece escese - 
ices ee Wanda va60e 


EET EE ae a 


‘romwell (e 


EER SE 


( 
( 
( 
( 
Cromwell (b) 
( 
( 
( 
( 
( 


eee 


Cromwell (h 

Cromwell (i). 
Chatto Creek 
Manuherika Valley 


ee eee eee ses vance 


Lake Hawea 
Lake Hawea.......... 


Lake Hawea—‘ Timaru Creek”’ 


Taieri Valley and Milton: 
Naseby 


Silverstream—Gorge 
Silverstream 


Silverstream—Butter Factory 
Re Ok a Se case o's 


Mosgiel 


Mosgiel (1 mile south 


Mosgiel (1 mile south). 


Kokonga. 'YeveVebee se ave 
Kokonga. (eres ee seen te 


oe stew b e's 
I 


Outram river bank........... 
Outram river bank...... 


Outram river bank......... 


Maungatua 
Cit scewe ous 


Mica schist 
Mica schist 
Mica schist 
Silt 
Silt 
Silt 
Silt 
Silt 
Silt 
Silt 
Silt 
Silt 
Silt 
Mica schist 
Silt 
Silt 
Silt 
Silt 
Silt 
Silt 
Silt 
Silt 
Silt 
Silt 
Silt 
Miea schist 
Silt 


Mica schist 
Mica schist 
Mica schist 
Mica schist 
Silt 

Basalt 


Basalt 
Mica schist 
Silt 

Silt 

Silt 

Silt 

Silt 

Silt 

Silt 

River sand 
Silt 

Silt 

Silt 

Silt 

Silt 

Silt 


bund 





é, parts 


hillion 


600 
700 
700 


000 


0 


000 
000 
000 


200 
400 

Q) 
200 
200 
200 
200 
200) 
400 
400 
700 


400 


100 
200 
400 
400 
200 

{) 
() 
) 
0) 
0 
POO) 
200 
0) 
0) 
0 

200 
200 
200 


HO00 
200 
SOO 
700 
700 
POO 
HOO 
700 


600 
400 


200 


400 


500 
200 
600 
400 
600 
400 
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Locality Geology Iodine, parts 
per billion 
Taieri Valley and Milton: 
Berwick—Henley Road............... Silt 200 
8, a er Ts ee Silt 400 
NE a ae ree River sand 0 
EA Aaa: Sa eee ees Silt 1,000 
sn unc cnahte emihe kiondeecad mele Silt 800 
IID isis 6'v 5 oaienee tne « > nubomatiin heh Silt 800 
Dunedin District: 
Water Race—South Road............. Andesite 1,400 
Dunedin—N.E. valley. ............... Basalt 1,200 
Dunedin—N.E. valley................ Silt 1,400 
Dunedin—N.E. valley................ Basalt 1,200 
Dunedin—N.E. valley................ Basalt 1,600 | 
Dunedin—N.E. valley................ Basalt 1,600 | 
ee Basalt 2,000 
Dunedin—Opoho. ...............-... Andesite 1,200 
ee Basalt 1,500 
Dunedin—Dalmore................... Andesite 2,200 
Dunedin—Woodhaugh................ Silt 1,800 
Dunedin—Forth Street. .............. Phonolite 1,600 
Dunedin—St. Margaret’s............. Andesite 2,200 
Dunedin—Balmacewen............... Basalt 2,500 
Dunedin—Maori Hill. ................ Andesite 1,200 
Dunedin—Town Belt. ................ Andesite 1,000 
Dunedin—Dunottar....%............. Andesite 1,200 
Dunedin—Roslyn...................6. Andesite 1,000 
Sn Basalt * * 1,800 
Dunedin—Kaikorai................... Basalt 1,400 
Dunedin—Belleknowes................ Basalt 3,300 
Dunedin—Belleknowes................ Basalt 3,000 
Dunedin—Jubilee Park. .............. Basalt 3,600 
Dunedin—Mornington North......... Basalt 1,400 
Dunedin—Mornington South.......... Basalt 1,500 
Dunedin—Carlton Hill. .............. Basalt 3,000 
Dunedin—Glen Road................. Basalt 1,600 
Dunedin—Lower. ................005- Clay 1,000 
Dunedin—Monticello. ................ Basalt 3,000 
Dunedin—Rockyside................. Clay 800 
Dunedin—Industrial School........... Clay 1,400 
Dunedin—Main South Road. ......... Clay 1,400 
Dunedin—Kew House............... Clay 2,600 
Dunedin—St. Clair Hill.............. Basalt 1,700 
Dunedin—George and Howe Street... Clay 1,400 
Dunedin—George and Albany Street.. Clay 1,100 
Dunedin—Castle Street............... Clay 2,000 
Dunedin—Triangle................... Swamp 4,000 
Dunedin—Kensington................ Swamp 5,600 
Dunedin—South Dunedin............. Swamp 3,000 
Dunedin—Convalescent Home. ....... Swamp 2,600 
Dunedin—Forbury, Chinese Gardens... Swamp 1,500 
Dunedin—florbury, Chinese Gardens... Swamp 3,600 
Dunedin—Coughtrey Street........... Swamp 3,200 
Dunedin—Richardson Street.......... Swamp 18,000 
Dunedin—Princes Street, St. K....... Swamp 15,000 
Dunedin—Orphanage, St. K.......... Swamp 13,600 
Dunedin—Orphanage, St. K.......... Swamp 18,200 
Dunedin—Forbury Park.............. Swamp 2,400 


Dunedin—Bay View Road............ Swamp 3,600 
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Locality Geology 


Dunedin District: 


Dunedin—Tahuna Park............... Swamp 
Dunedin—Tainui, Chinese Gardens... Swamp 
Dunedin—Tainui, Chinese Gardens... Swamp 
Dunedin—Botha Street............... Swamp 
Dunedin—Musselburgh Rise.......... Phonolite 
Dunedin—Anderson’s Bay Tunnel.... Swamp 
Dunedin—Anderson’s Bay Tunnel. ... Swamp 
Dunedin—Anderson’s Bay Cemetery.. Dune sand 
Dunedin—Anderson’s Bay Convent... Andesite 
Dunedin—Anderson’s Bay Glendining 


Nee ini ae 4 Andesite 
Dunedin—Highcliff Road............. Basalt 
North Otago District: 
Palmerston South—Flat.............. Silt 
Palmerston South—Flat.............. Silt 
Palmerston South—Hill............... Greensand 
SEE 2 ne Silt 
a Rs a ieee wel Silt 
ESE Limestone 
tai Limestone 
Oamaru—Wharfe Street............... Limestone 
Oamaru—Towey Street............... Limestone 
Oamaru—Chelmer Street............. , Basalt 
Oamaru—Eden Street Hill........... Basalt 
Oamaru—Eden Street Flat............ Gravel 
Oamaru—Usk Street.................. Gravel 
Oamaru—Trent Street................ Gravel 
Oamaru—Todd Street. ............... Gravel 
Oamaru—Davidson’s................. Gravel 
ee Silt 
I we eeccececewcs Silt 
OS EL ee Silt 
Duntroon—Swakino Creek............ Marl 
Duntroon—Swakino Creek............ Marl 
Kurow—Swakino Creek.............. Marl 
EEE Mar! 
esd gic atieice Marl 
Te sk. ca eveeweis Mar! 
Se Nr cea e ed Paleo-mesozoice 
te ii at a Silt 


South Canterbury: 


a ee Silt 
ele i wein is ea bon cs eae 
EI oe 


EE ee Silt 
RES 2S Silt 
ESE i eee Silt 
Timaru (1 mile station)............... Limestone 
EE ee Limestone 
Timaru (3 miles N.W.)............... Silt 
ee ee. te saceeeees Silt 
i la veecceseceuns Silt 
ET Se SE ee Silt 
Rangitata Bridge..................... Silt 
RE ee Silt 
cul Gravel 
SEER 5, RES a Silt 





lodine, parts 
per billion 


3,800 
6, 400 
7,400 
6, 400 
3,400 


1,000 
1,000 
400 
3,400 
2,400 
700 
1,000 
1,000 
1,400 
200 
400 
900 
1,000 
0 


0 
5,000 
4.500 
2,400 
2,500 

200 
600 


100 
500 
200 
600 
400 
100 
400 
400 
400 
200 
400 
400 
200 
400 

0 
300 
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Locality Geology 
Christchurch: 
OSE ELE EE Silt 
I Re wb beabans Silt 
eS ee Silt 
Christehurel (G). .... 20 scccccvcccccce. MES 
SS EE Silt 
SE OTT EEL TOR TT Silt 
ES EET RT Silt 
ee Silt 
SS SE EET Silt 
SE EI ET River sand 
Christchurch k) I ne ni Liate chew a Silt 
NR gic cadkkese census River sand 
nn. ve wepewewess Silt 
Christchurch—St. Martins............ Silt 
Christchurch—Spreydon.............. Silt 
Christchurch—Papanui............... Silt 
Christchurch—Woolston.............. Silt 
Christchurch—Sumner................ Silt 
Christchurch—St. Brighton.......... Dune sand 
Banks Peninsula: 
a ea 
I 0) i Con gid ns <bnetoueteneund Basalt 
SELLS ERO OTT Basalt 
ee EE er Basalt 
SD RSE eT Basalt 
NN ED Pr ee Basalt 
a a ag Si Basalt 
OT 
North Canterbury: 
EEE OTe Tee COT eT Silt 
ERR 1 Rp eae eT Silt 
NE Srey eee e Silt 
Marlborough: 
IN id ine nine wp biare'e seen Ma Swamp 
a i ae el ie a Limestone 
RS aca eee a Silt 
ne i a i ee Silt 
Nelson: 
A eee Loe ee EEE eee Te Gravel 
EL Pepe eer ean Paleo-mesozoic 
Rk RR ae a Marl 
Nelson (7+ miles N.E.).............. Basalt 
NG OS St re Paleo-mesozoic 
SS OE LED EN E F ee Greensand 
RGAE SORA SEES CHT a rare arm ep Greensand 
er ald i gas ca las sil Rl Greensand 
i an ia hi Gravel 
a res oat ee Greensand 
EL sau wise ne Mabe vee psiaabaeue Swamp 
gi a ee Lace Granite 
West Coast: 
SS ELE TELE TT Gravel 
I a s:s aus edie ees ouebae neuen Gravel 
len i With nase ne aeduneamaNiaian Gravel 
iin eh eld be cae ceacare ied Gravel 
EA ho De ern Silt 
a an aE a a it all Silt 
LEER at Merete Sear ene ae Silt 
to oi a th ictal eked Silt 


EE ECE ey ee me 


Silt 
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Iodine, parts 
per billion 


938283388 888888 
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Locality 


North Island: 
Wellington District: 


Wellington—Government Gardens 


Wellington—Mount Victoria........... 


Wellington—Island Bay.......... 
Wellington—Miramar 
Wellington—Karori 
Ee 
ce woueeewas 
0 
wees ceeude 
RE 
EE 
ee 
cn ewsvesscounent 


Hutt Valley: 


| 
OE 


Wairarapa and Dannevirke: 


I San Coe svenwas tessa. 
ee ie avo ne use ke bees 
EE ee 
SE a ee 
Ekatahuna (2 miles from)............. 
SEE 2 


ET 
Dannevirke 


Hawke’s Bay: 


Hastings (5 miles E.)................ 


Geology 


Paleo-mesozoic 


Paleo-mesozoic 


Paleo-mesozoic 
Swamp 

Swamp 
Paleo-mes« zo1e 
Paleo-mesozoic 
Paleo-mesozoic 
Paleo-mesozoic 
Paleo-mesozoic 
Post-tertiary 


Silt 


Silt 
Silt 


Silt 

Silt 

Silt 
Tertiary 
Marl 

Silt 

Silt 

River sand 
River sand 


River sand 


Hastings (4 miles E.)................ Silt 
ee i asks euss sb view eees Silt 
Napier—Hospital Hill............ Mar! 


Napier—Bluff Hill 


Gisborne District: 


Limestone 


i winlay Silt 
EEE De ee . Silt 
SE EE ee Marl 
Horowhenua Plain: 
CE 
ae .. Silt 
Levin—Government Farm.... _ Silt 
Levin—Government Farm............ Silt 
Levin—North-East........... ., Silt 
Levin—North-East.......... . Silt 
Levin—North-East.................. Silt 
EI OSS ere Silt 
Palmerston District: 
ES Silt 
Palmerston—North.................. Silt 
ae . Silt 
EES ee ee re Silt 
CE ee 
EE Silt 
Wanganui and Patea: 
Wanganui—Keith Street............. Silt 
Wanganui—Keith Street............. Silt 
Wanganui—Bates Street.............. Silt 
Wanganui—Pitt Street . Silt 





Iodine, parts 
per billion 


600 
800 
6,200 
2,400 
13,200 
600 
1,000 
3,800 
8 200 
8,000 
400 
4,200 
2,600 


1,200 
2,000 


1,000 
400 
600 

4,600 
400 
S00 

8,600 

2,600 

2,400 


600 
400 
400 
1,200 
1,600 


1,690 
2,000 
200 


16,600 

7.800 
12,800 
13,000 
14,600 
15,800 
18,200 
11,000 


600 
1,000 
1,000 
1,000 

800 
1,000 


600 
S00 
400 
1,000 
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Locality Geology lodine, parts 


per billion 
Wanganui Patea: 


Wanganui—Nelson Street............. Silt 0 
Wanganui—College Street............ Silt 400 
Wanganui—St. George Street......... Silt 400 
Wanganui—Gonville Street........... Silt 200 
Wanganui—Matheson Street.......... Silt 800 
Wanganui—Campbell Street. ......... Silt 400 
Wanganui—st. John’s Hill............ Silt 400 
Wanganui—St. John’s Hill............ Silt 400 
Aramoho—Foothills. .................. Sandstone-marl 1,600 
Aramoho—Foothills. ................. Sandstone-mar! 1,600 
Aramoho—Foothills Cumbrae Race... Sandstone-mar! 1,200 
Aramoho—Kaikoukoupu Road........ Sandstone-mar! 2,690 
Aramoho—River Bank............... Silt 400 
REESE IS Salt A SPO Neen sae Silt 1,000 
a has a oa ihn telere Silt 2,400 
Taranaki: 
SRIF RSE RTS Brera Vere eaea yamine, Pony Silt 6,800 
I eh ge gh ta hie ee Silt 7,200 
TE Ae Sree en eee ee Andesite 3,600 
ODOT OPT 9,000 
NE ah iil a akin ac ele enh a Shee Andesite 4,800 
Na oa cates y's Sas wld KL $e Andesite 28 ,000 
New Plymouth...................... Andesite 36 ,000 
dn ig oi ee ee Andesite 26, 800 
ial ten da yd ah a Sw: eine Andesite 27 ,000 
Taumaranui District: 
EES FE Ee Silt 2,000 
SEE LEADER TEER IARI Silt 1,000 
oo eae onl le et lg Bk tie Silt SOO 
ESS SEER SE EE EEO FOAL: Silt 400 
EE IN eg eI enemy tl aera Silt 2,000 
RN, 5 oe io cats 66 cee wa wee ait Silt 2,000 
EE EE SER, Sa Silt 1,600 


West Coast District: 


RE ie ods whee iwi Gna wiotle meer ans Rhyolite 2,000 
Ri ie i eo ti SOO 
RS Sei eee Limestone 2,800 
SNES IEE OPES OND OS REP Limestone 4,690 
Waikato and Piako Valleys: 
PRESET IE Silt 8,600 
REE GE EC OO PR Silt 10,600 
NLS he EAE AEC Oe Silt 400 
Hamilton (1 mile N.)................ Silt 0 
oS. 2 Silt 7,400 
Hamilton (1 mile E.)................ Silt 1,000 
Hamilton (1 mile W.)................ Silt 3,500 
SE EOE SS EE eT Silt 5,200 
TOES ALOE PROT EES Silt 6,800 
on eg ca brie Silt 300 
SS ee Ae OAT ee es Silt 100 
Morrinsville—North.................. Silt 9 800 
Morrinsville—South.................. Silt S00 
Morrinsville—East................... Silt 16,000 
Morrinsville—West.................. Silt 6,800 
te ae aoe aA cn Way e ath ea we Silt 600 
EE Ie LE EE Silt 1,000 
EE SR aye Sen neyo" Silt 200 


a in Oe een aie wale asada Silt 3,600 
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Locality Geology 
Rotorua and Taupa District: 
icv enkndscencnca Rhyolite 
Rotorua—Government grounds........ Rhyolite 
Rotorua—Hospital . ...........ccccee. Rhyolite 
a ibid eee ceeebee were Rhyolite 
Ne inc cn can ee.ccinseie Rhyolite 
Bay of Plenty: 
nek oniein <b agnesesidoeceni Rhyolite 
ans ekncnnenenes ene bis River sand 
ee cee i vee buseaneeus Rhyolite 
aba cheno 6 660'e0.0 vias 60> Swamp 
Thornton—River Swamp............. Swamp 
Thornton—Peaty . . .. 0. .cccccccsccces Swamp 
TIMOIOIET 0 oc cccccccccceccces Swamp 
Thornton—Gritty ............cccceee. Swamp 
sv cincendkgeess nex eemn Swamp 
Ee Silt 
ake chacadcacccnesvchnn Mn 
NT dec ean wees Silt 
Cape Colville Peninsula: 
SG a ee Rhyolite 
een ci caw eKenesaene Silt 
eae eaesegasea tae ndsee Silt 
ee ect wckneneecees Rhyolite 
ens cee uceiuscusaweetes Andesite 
Auckland District: 
EE Basalt 
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EEE 
CN EEE 


ee gah a wise ween Basalt 
i es wings Basalt 
ae kn caakensawede Basalt 
Auckland—Domain.................. Basalt 
Auckland—Mount Eden.............. Basalt 
Auckland—One Tree Hill............. Basalt 
Nee en tawnt Sandstone 
ee vena d ci dvies vewsecd Basalt 


North Auckland Peninsula: 
Helensville (a).... 


Dune sand 


i a Dune sand 
ee tt Dune sand 
i twee Dune sand 
EI A Marl-limestone 


Port Albert....... 
EE 
Dargaville...... 


Marl-limestone 
Marl-limestone 


. Dune sand 


ois chamascxdenseenevns 


dE Oa ae 
Er Basalt 
a Se 


Whangarei (} mile S.E.)............. Silt 
Whangarei (4 mile 8.W.)............. Silt 


Whangarei (4 mile N.E.).............. Silt 
Whangarei (14 miles N.W.)........... Basalt 
SYS. a Basalt 
Te ee ace sen en seis Paleo-mesozoic 
CS hel a Basalt 
Ruatangata—East.................... Basalt 


Ruatangata—West.................. Basalt 


Dune sand 





Iodine, parts 
per billion 


1,600 
1,400 
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Locality Geology Iodine, parts 
per billion 
North Auckland Peninsular: 
I ohe ae Cu EUs hous aun emia Marl 200 
ES 5b dont uantediunsan seen eran Marl 800 
al Si tel Basalt 12,400 
oth dics occa caneihionkernaeln Marl 400 
Ns dads ib dae sd nap ede abow bene Marl 600 
EE re pee 400 
RN kak dk BE UNG Weis oon rain ke ae Paleo-mesozoic 400 
IN 0-5 dnbddewbdedbaicssnsewbee Basalt 8,400 
aia ea hia lias nent Gn WO Marl 200 
SEND. a Ge PCRS Ae PR F< Marl 0 
Ln n'shaaeuunounecddutvedane Marl 200 
EE LS CE eS Marl 400 
ae with oh babies d Ob-eawa aheekewee Mar!l(?) 200 
ns acta ca cain a paleo a mmeae Marl(?) 400 
I Sil ila sikvn sain Ula ecoueial Clay 200 
Is a asa &enbh ad's ba vases kee sane 200 
NS 59. 2k cone thu sowstewne Silt 400 
RG i cod nee ae beaaw ie’ Silt 0 
i re NER ay GRRE en erta Le eer Silt 1,000 
I iee sak 0:55 o-w ab 8% wo wv yard w ow ee 400 
SESS COR Ps ce eee eee Basalt(?) 1,900 
eet ee a a ote a ae Marl(?) 200 
ec. a ulicpeebabe¥ebannkee Paleo-mesozoic 1,400 
EEE EE EP I PT 1,200 
Outlying Islands: 

Chatham Islands.................... Swamp 10,400 
a. ad aru in deh 6 esate wane ae 8,000 


It will be observed that rhyolitic soils are deficient in iodine. The 
curve in figure 6 shows the relation of soil iodine to goiter in school 
children. 

VI. IopINE CONTENT OF SALT AND SEA WATER. Since all salt de- 
posits are the result of evaporation of either sea water or the water of 
inland salt lakes it is perhaps more logical to consider the iodine content 
of sea water first. The old analyses were rather inaccurate. In 1895, 
Winkler (86) determined the iodine content of the Adriatic, finding 38 
parts per billion. In 1899 Gautier (87) found 23 parts per billion of 
Atlantic ocean water. He filtered surface water of the Atlantic ocean 
through porcelain and could detect no inorganic iodine in the filtrate 
but found iodine in organic combination in the filtrate. Most of the 
iodine, however, was in the body of the organisms held back by the 
filter. In the Mediterranean he analyzed the water at different depths 
down to 980 meters and claimed that the total iodine was the same at 
alldepths. Inthe surface there was noinorganiciodine. In the deepest 
samples there was very little iodine in organisms. Thorpe (88) in 1912 
found only 4 parts of iodine per billion of Atlantic water. Von Fellen- 
berg (89) found 17 in Mediterranean water and 14 in the English Chan- 
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nel. Von Fellenberg (90) found an average of 23 parts per billion of sea 
water. Hercus, Benson and Carter (64) found 18 in the Pacifie ocean 
near Dunedin, New Zealand. Determination of iodine in ocean water 
is somewhat difficult owing to the large amount of salt and the presence 
of dissolved silica and other colloidal material. The author (91) in 
1922 found 50 parts per billion of water of Santa Monica Beach, Cali- 
fornia, but this water contained some decaying seaweed, which probably 
added to its iodine content locally. Water from the Great Salt Lake 
contained 70 parts per billion. Cameron (92), in 1922, found 25 parts 
per billion of water of the Strait of Georgia, British Columbia, the ratio 
of iodine to chlorine being 1 to 500,000. This is much less than the ratio 
of iodine to chlorine in most fresh waters, but is much more than the 
ratio of iodine to chlorine in the Great Salt Lake. It is probable that 
when the sea was first formed a large amount of chloride from the 
atmosphere was carried down in the first precipitation of water, whereas 
the iodine was so dilute in rocks that it was only released by the weather- 
ing of rocks. Much of the salt from the Great Salt Lake may have 
been due to leaching out of evaporated sea water from the sedimentary 
rock, the iodine being adsorbed by the porous rock and soil. 

Erdmann (93) determined the iodine content of various salts as 
follows: 


Parts per billion 


EE ERT Ee. SL Ee eT 870 
SEITE As. LET EE IE SEN ee 170 
ee Se IIIS 5c dsb ofa heen bbb ome i wbeacaeecboovces 10 
AL, os cn ea nhs eneahs a ce sinemed waves 42 
ica. a cinns ig wd nin aie deeded bk ean mean SiN 7.5 
ee TS! DE oe ud as eh owe k Uae euS obo RaWeeemaelanees 83 
ee ee ee 103 
era a as IN ee i ets ws wd 0 


Winkler found iodine in sylvian but not in ecarnallit. Hercus, Benson 
and Carter (64) found 1400 parts of I, per billion of rock salt used in 
New Zealand. Krafft (94) in 1924 found iodine in salt from mines at 
Friedrichshall, Kochendorf. Fleissig (95) in 1922 examined the brine 
from which salt is made in Switzerland. No iodine was found in the 
salt of Bex and Rheinfelden. Von Fellenberg (96) in 1923 determined the 
iodine content of the salt from Schweizerhalle. At this place the brine 
was evaporated in a vacuum and after separation of the salt, the mother 
liquor was added to fresh brine thus concentrating the iodine, and there- 
fore the iodine became concentrated in the salt. In August the salt 
contained no detectable iodine. On the 4th of September it contained 
0.8 part per billion and in October it rose to 7.7 parts per billion. Some 
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of this salt purchased in Bérn contained 10 parts per billion. Salt 
from Bex contained 260 parts per billion. From the salt works in 
southern France fine salt from Dax contained 33 parts per billion but 
none could be detected in that from Bérn. That from Briscons con- 
tained from 8 to 18 parts per billion. Sea salt contained from 1 to 10 
parts per billion. 

In regard to the retention of iodine in sea salt, it was shown by the 
author (91) that the iodine is nearly all lost by any ordinary method 
of preparation of the salt. When the salt is crystallized out the iodine 
remains in the mother liquor. If the total sea water is evaporated to 
dryness, when it becomes very concentrated, magnesium chloride is 
hydrolyzed forming free hydrochloric acid, and further evaporation 
leads to loss of iodine. In order to retain the iodine it was necessary 
to add enough sodium carbonate to completely precipitate all of the 
magnesium and remove this before evaporation. If the total iodine was 
retained there would be 2,000 parts of iodine per billion of salt. In the 
natural evaporation of arms of the sea and the formation of salt deposits 
the iodine is not uniformly distributed in the deposits but it is perhaps 
to a large extent retained by the soil and adds to the iodine content of 
the region. 

Iodine has been detected in salt mines in Michigan. A review of this 
subject was made by Hayhurst (97) in 1922. During the Permian 
period an arm of the Pacific ocean was cut off by the rocky mountains 
and made an inland sea covering parts of South Dakota, Nebraska, 
Kansas, Oklahoma, Texas, and New Mexico. ‘The artesian wells in 
Kansas are high in chlorine and iodine on this account. Mansfield (98) 
mapped out an area in Oklahoma, western Texas and southeastern 
New Mexico in which the layer of salt was probably more than 400 feet 
thick. This is a region of high iodine content and it is possible that 
much of the iodine was derived from evaporated sea water. 

There are about seven million tons of salt used in the United States 
per year. A very small amount of this is used for human consumption. 

In 1923-4 from the beginning of the winter to February 25, there were 
450 tons of salt used in Minneapolis to keep the trolley switches open. 
Some of the iodine of salt that is applied to the ground is adsorbed by 
the soil. Some other salt deposits contain much higher iodine content 
than do NaCl deposits. It is especially true of the Caliche of Chile 
which consists chiefly of sodium nitrate but has a very high iodine content. 
Five hundred metric tons of iodine were exported from Chile in 1904. 
At that time iodine was recovered from the Caliche, at each refinery, 
only one year out of six in order to keep up the market price. The 
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possible output of the mines is 5,100 tons per annum. Von Fellenberg 
found 1,920 parts of iodine per billion of one sample of Chilien nitrate, 
but this is a mere trace of the amount found in the Caliche, of which it 
forms 200,000 parts per billion. 

Ordinarily a person does not consume more than 10 grams of salt a 
day, which would supply about 0.02 milligram of iodine if the total 
iodine of sea water was retained. Since it is much easier to add iodine 
than to retain it in the purification of the salt, it is only in crude salt 
that the natural iodine content is of importance. This was emphasized 
by Marine in regard to the prevention of goiter in the sheep of Michi- 
gan by feeding crude salt which was begun about 1820. 

VII. IopINE CONTENT OF DRINKING WATER. Von Fellenberg (96) 
determined the iodine content of drinking water of Bérn, Switzerland, 
in parts per billion. In June, 1922,it was 0.03, in August 0.02, in Septem- 
ber 0.08, in November 0.36, and in January, 0.29. The iodine content of 
the water of Chaux-de-fonds was 1.4 and that of Sengau 0.07. He also 
made some determinations on river water. That of the Emme above 
Burgdorf was 0.38, that of the Aare above Bérn in December was 0.5, 
and in January 1.3. 

McClendon and Williams (99), and McClendon and Hathaway (100) 
made the following determinations: 








0.012 Ames, lowa 
0.012 Wellesley, Mass. 
0.015 Bozeman, Mont. 
0.015 Iowa City 

0.15 Geneva, N. b fa 
Milwaukee 
Marquette, Mich. 
Indianapolis 


ooo 
NN 
cr 


Seattle 

Portland, Ore. 
Waseca, Minn. 
Rochester, Minn. 
Hot Springs, Ark. 
Lincoln, Neb. 
Wilmington, Del. 
Independence, Kan. 
Oregon City, Ore. 
Cumberland, Md. 


So Sr Ot Or Or Ot GO bo 


Fargo, N. D. 
Seattle 
Winnetka, III. 


cocoocoec]|c|ssssS Fee 
=Sssssssssssse 


Commo 


Mount Clemens, Mich. 


lodine —_— 
parts per billion Source of water 
0.01-1.74 Minneapolis, Minn. Mississippi 

0.01 Duluth, Minn. Lake Superior 

0.01 Spokane, Wash. Wells 60 feet deep 

0.01 Rockford, Ill. Wells 540-1,500 feet deep 


Wells 75-100 feet deep 

Wells 65 feet deep 

Bozeman Creek 

Iowa River 

Seneca River 

Lake Michigan 

Lake Superior 

White River and wells 365 feet 
deep 

Cedar River 

Bull Run Lake 

Well 240 feet deep 

Wells 32-418 feet deep 

Spring 

Wells 77-100 feet deep 

Brandywine Creek 

Verdigris River 

Clackamas River (glacial) 

Mountain springs 

Wells 30-65 feet deep 

Red River 

Cedar River 

Lake Michigan 
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lodine 


parts per billion 


.10 
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-seco coocoes SoSsSeoSsSsSoSosSsessseSs ososss 
ooo: cooec:! egies 
22 @ @ SSaSre 


4 
tho 


ee ae) 
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.00 
20 
.o2 
91 
.00 
.90 
.70 
.69 
.58 

73.30 
105.80 
184.70 


th rer creo co oo ty 


d. F. 


Town 


Portland, Ore 
Hagerstown, Md. 
Brunswick, Md. 
Hutchinson, Kan. 
Lawrence, Kan. 
Chicago 


Raleigh, N. C. 
Morris, Minn. 
Norton, Mass. 
Charlestown, W. Va. 
Thurmont, Md. 
Hancock, Md. 
Chippewa Falls, Wis. 
Columbus, Ohio 
Nashville, Tenn. 
Miami, Fla. 
Harrisburg, Pa. 
Frederick, Md. 
Morgantown, W. Va. 
Richmond, Va. 
Houston, Texas 


Fort Scott, Kan. 
East Lansing, Mich 
Chicago, Ill. 
Washington, D. C. 
Madison, Wis. 
Denver 


St. Paul, Minn. 
Santa Barbara, Cal. 
Cleveland, O. 
Linden, Calif. 
Springfield, Ill. 


Richmond, Va. 
North Chicago, Ill. 
Rochester, N. Y. 
New York City 

Le Roy, N. Y. 
Greenville, Ill. 
New York City 
Toronto 
Charlottesville, Va. 
Kansas City, Kan. 
New Haven, Conn. 
Boston 


New York City 
Atlanta, Ga. 
St. Louis 
Salina, Kan. 
Baltimore 
Berkeley, Calif. 
New Orleans 


Salt Sulphur Springs, W. Va. 


Corona, Calif. 
San Dimas, Calif. 
Stanford, Calif. 
Mexia, Texas 
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Source of water 


Bull Run River 
Mountain springs and streams 


Shallow wells 

Lake Michigan at Wilson Avenue 
Crib 

Walnut Creek 

Well 70 feet deep 


Spring 

Mountain stream 
Mountain stream 
Chippewa Springs 
Scioto River 
Cumberland River 


Susquehanna River 
Small stream 


James River 

Deep wells from 250 to 1,330 feet 
deep 

Marmaton River 

Well 400 feet deep 

68th St. Crib 

Potomac River 

Wells 

South Platte River, Cherry and 
Bear creeks 

Mississippi 

Wells 

Lake Erie 

Well 60 feet deep 

Sangamon River and adjacent 
wells 

James River 

Deep well 

Hancock Lake 


Catskill Supply (F. E. Hale) 
Deep well 
Croton Supply (F. E. Hale 


Lake Ontario 


Missouri River 

Small lakes and rivers 

Lake Cochituate, Sudbury and 
Nashua rivers 

Long Island supply ‘F 

Oconee Kiver 

Mississippi River 

Well 

Gun Powder River 

San Pablo Lake 

Mississippi River 

Spring 

Source in Santa Ana Mountains 

Wells in river bed 

Deep wells 

Deep well 3,005 feet 


. E. Hale) 
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H. W. Clark in 1925 found that 80 Massachusettes water supplies 


averaged 2 parts iodine per billion. 


McClendon, Hathaway, Vandersluis and Dahl (101) determined the 
iodine content of drinking water in Utah in relation to the percentage of 


goiter in schools as follows: 


lodine City 
parts per billion ‘ 
0.01 Ogden 
Parowan 
Vernal 
Nephi 
Kamas 
Park City 
0.16 Salt Lake City 
0.18 Alpine 
0.20 Midway 
0.3 Utah Lake 
0.33 Syracuse 
Millereek 
0.36 Oak City 
0.4 Logan City 
Ft. Duchesne 
Heber City 
0.5 Murray 
W. Warren 
0.6 Brigham City 
Santaquin 
Butler School 
0.7 Farmington 
0.2-0.7 Huntsville 
0.6 Kaysville 
0.9 Mt. Pleasant 
Levan 
2.16 Lakeview 
2.5 Coshen 
9.5 Milford 


County 


Weber 
Iron 
Uintah 
Juab 
Summit 


Salt Lake 


Wasatch 


Davis 


Salt Lake 
Millard 
Cache 
Ninta 
Wasatch 
Salt Lake 


Boxelder 


Salt Lake 
Davis 
Weber 
Davis 
Sampete 
Juab 


Beaver 


Percentage 
goiter 
in schools 


53. 
69. 
40. 
64. 
46. 
42. 
41. 
57. 


o2. 
23. 
42. 
82. 


POH eS UIWOOHRONON OH 


0 


COON KWHNH 


Hercus, Benson and Carter (64) made the following determinations 
of iodine content of water in New Zealand: 


Total iodine in potable water 
New Zealand rivers: 


Parts per 


billion 
A fi oe Oh oe a 0 
TE Fo Sh ow nike wagon’ 1.0 
I ME 2.0 


Springs derived from between 
Basaltic lavas near Dun- 
edin: 

Maitland Street 


Royal Terrace......... 


Queen Street. . duces ae 
Caversham 


Christchurch 
New Brighton..... 
Heathcote. 
Hastings... 


Parts per 


billion 


4.0 
2.0 


Ts  ciea de peeeeee 2.0 
Artesian waters: 


Se 


ere 0 
awe a vies 0 


ieeeuswen 2.0 


. 20.0 
16.0 


Eldridge (102) was unable to determine the iodine content in surface 


es ere es es 
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waters of Michigan but made the following determinations of iodine in 
ground waters: 


Counties 


Allegan 


Alpena 
Barry 
Berrien 


Branch 
Calhoun 


Chippewa 
Delta 
Eaton 
Genesee 


Gladwin 
Gogebic 

Grand Traverse 
Gratiot 
Houghton 


Huron 
Ingham 


Ionia 
Isabelle 
Jackson 
Kalamazoo 
Kent 
Lapeer 


Livingston 
Luce 
Macomb 


Marquette 


Mason 





City or village 


Allegan 

Otsego 

Lake Huron-Alpena 
Hastings 
Benton Harbor 
Niles 

St. Joseph 
Three Oaks 
Watervliet 
Coldwater 
Albion 
Marshall 

Sault Ste. Marie 
Escanaba 
Charlotte 
Flushing 
Flint-river 
Gladwin 
Ironwood 
Traverse City 
Alma 

Calumet 
Chassell 
Houghton 
John Doelle Ag. 
Houghton 
Hubbell 

Lake Linden 
South Range 
Bad Axe 
Elkton 
Lansing 

East Lansing 
Ionia 

Mt. Pleasant 
Jackson 
Kalamazoo 
Grand Rapids 
Almont 

Lapeer 

Otter Lake 
Howell 
Newberry 

Mt. Clemens (min. spring) 
Mt. Clemens 
Mt. Clemens 
Mt. Clemens 
Richmond 
Romeo 

Utica 
Marquette 
Negaunee 
Lake 8. 
Ludington (Lake Mich.) 


lodine 
parts per billion 
None 
None 
0.4 
Trace 
0.6 
2.0 
0.5 
None 
None 
0.8 
2.38 
None 
None 
0.3 
Trace 
8.2 
None 
0.6 
None 
None 
0.6 
None 
None 
None 
None 
None 
None 
None 
None 
Trace 
1.2 
1.0 
0.7 
Trace 
4.0 
None 


~ 


wot 
© O bo 


None 
Trace 
0.7 
None 
3,100.0 

28.0 
3.0 
20.0 
Trace 
None 
1.0 
None 
None 
0.10 
0.4 
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Counties City or village onic 
Mecosta Big Rapids 1.3 
Menominee Powers None 
Midland Coleman Trace 
Midland 0.7 
Midland 18.0 
Midland (Dow) 12.0 
Midland (Barth) 11.6 
Sanford 1.4 
Monroe Dundee 0.6 
Monroe Trace 
Ogemaw West Branch None 
Ontonagon Ontonagon None 
Otsego Gaylord None 
Gaylord None 
Ottawa Holland Trace 
Saginaw Chesaning 9.1 
Saginaw 68.16 
Saginaw 92.3 
Saginaw 34.0 
Saginaw 32.5 
Saginaw 12.0 
Saginaw 91.0 
Saginaw 22.1 
Sanilac Sandusky 1.9 
Shiawassee Owosso 5.0 
Owosso 1.3 
St. Joseph Three Rivers Trace 
Tuscola Vassar 0.9 
Van Buren Paw Paw None 
Washtenaw Ypsilanti 1.2 
Wexfor Cadillac 2.4 
Cadillac 0.86 
Harlan None 
Harriette None 
Manton None 
Mesick None 
Wayne Huron Twp. 65.0 














Reichert and Trelles (103) determined the iodine content of under- 
ground water of the Argentine Republic. Meisbach (104) supposed 
that the low iodine content of the waters of Bavaria was the cause of goi- 
ter. Hickethier and Jacobucci (105) determined iodates in the waters of 
northern Santa Fe. Forman (106) in 1925 determined the iodine con- 
tent of the public water supply of New Jersey, finding 0-8 parts per 
billion. 


Von Fellenberg (107) determined the iodine content of Swiss mineral 
waters as follows: 


om Iodine 

parts per billion 
a pedals whee neew kneama emt tie 18 
SS a sey ha etadnls Cea eR abe GAe aw edeiaeteneees 41 
ee sie in aha bikdh ered Ranke neeminnd ee eee Rape 227 


Passing, Ulricus 
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lodine 

parts per billion 
I car iy ah niwealnihia bin Babu ss ee eens ‘on «sae 
a hs id cae cena da hw W an Wie #0 4s ahora 6,310 
NS SE A a ee ee ren x 12 


H. L. Ferguson determined the iodine content of Illinois waters in 
parts per billion as follows: Springfield 9.8-13.3, Rockford 3.4, Harris- 
burg 1.3, Elgin 1.2, Freeport 0.8, but found none at Quincy, Decatur, 
Danville, Jackson, Effingham and Cairo. 

VIII. lopINE CONTENT OF THE ATMOSPHERE. Gautier (87) deter- 
mined the iodine content of the air and found all the iodine in bodies of 
micodrganisms or other dust particles. Preliminary experiments by 
the author’s students tend to confirm this. 

Von Fellenberg (96) found a very low iodine content of air, about 
0.04 milligram per thousand cubic meters of air. Von Fellenberg (108) 
determined the iodine content of air at various heights above the ground 
and found larger amounts than previously, from 0.09 to 2.54 milligrams 
per thousand cubic meters of air. His highest determination was, 
however, the first one and was never duplicated. As to the source of 
iodine in the air Von Fellenberg (109) determined the evaporation of 
iodine from sea water and found it to go on at a considerable rate, ses 
water in the bottom of a desiccator losing up to 8 per cent of its 1odine 
in 26 days. , 

Von Fellenberg, Geilinger and Schweizer (110) determined the rate of 
evaporation of iodine from the soil, They had already shown that iodine 
comes out of the soil but in order to compare different soils they added 
potassium iodide to them and then determined the rate at which iodine 
evaporated. It was found that calcium and magnesium carbonates had 
no effect on the oxidation of iodide. The iron content and the pH had 
an effect, however. They determined the “specific catalytic action”’ of 
the soil after removal, by hydrochloric acid, of soluble constituents, in 
determinations of the parts per billion of iodine coming out of the soil 
in 24 hours after wetting it with 2 per cent potassium iodide: 


SDe 


cutelat action pil. 
a Ne be aleee es .» 2,200 
Oolitic earth............ se 4.940 8.00 
Molas, marine Hunzenschwil (soil ie 620 5.03 
Molas, fresh water Hunzenschwil (sand).... 310 
Diluvium, Liebefeld (soil). ... 950 6.32 
Dolomite, Kaisten (weathered ap etra 320 
Dolomitic soil........ a 820 & 37 
EE Ee eyece 7,830 
Effingen strata, soil...... ee . 11,900 8.19 
Muschelchalk, Kaisten (weathered - 540 


Muschelchalk (soil). .......... coe 1.970 5 06 
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IX. [oDINE CONTENT OF PLANTS. Bourcet (111), (112) analyzed 
twenty-eight plants that grew in the same kind of soil (which contained 
830 parts per billion of iodine). He found in the potato family 0 to 0.7, 
in the Cucurbitacea 0 to 0.017, in the Cruciferae 0 to 0.24, in the Cheno- 
podia 0.021 to 0.38, in the legumes 0.013 to 0.32, in the lilies 0.12 to 
0.94, in the Polygonum 0.047, in the umbels 0 to 0.14, in the Synanthrea 
0 to 0.96. In 1919 Winterstein (113) studied the iodine content of 
plants, and states that iodine is only accidentally found in vegetable 
material. In thirty flowering plants he found iodine in traces in five, 
which were beets, potatoes, lettuceand carrots. Heused10to50grams 
air-dried material. 

Numerous papers on the relation of seaweed to goiter have been 
published. 

Hendrik (114) found in the stem of the seaweed Laminaria Digitata 
(0.094 per cent and in the leaves 0.084 percent. Otherseaweed contains 
somewhat less. Loew (115) observed that goiter and cretinism are 
unknown in Japan, where they eat seaweed. Burd (116) gives some 
modern work on the iodine value of kelp. Shkatelov (117) found 0.06 
per cent Nal in the ash of sea weed from the Black Sea. Freundler, 
Maneger and Laurent (118) found about one-half of 1 per cent iodine 
in Laminaria from the coast of France. 

According to Stoklasa (119) iodine is beneficial to plants. In his 
experiments and those of Von Fellenberg and Schmid (120), the plants 
were fertilized with potassium iodide solution. Forbes and Beegle 
(121) attempted to determine the iodine content of various food materi- 
als. The samples were too small for accurate work but the presence of 
iodine was determined in a large number of plants. Some of the sam- 
ples, however, were too small to detect any iodine in them. They 
arranged food in order of increasing iodine content as follows: nuts, 
spices, fruits, cereals, hay, garden vegetables and leguminous seeds. 
Bohn (122) made further determinations using too small samples for 
accurate work. 

Von Fellenberg (96) determined the iodine content, in parts per bil- 
lion, of food from a less goitrous region, Chaux-de-Fonds, and a more 
goitrous region (Signau) in Switzerland, as follows: 


Food Se. ia 
Ee eee ee ee ee <a. ee ee ee ee re 15 10 
NE Ser eon ee ee ee ee. ee ee 7 5 
OTT i CF OT AAT Oe OS ee OP 61 21 
ye og a a kw ald ogi Ginn 0 Std ew biele Va Lee SKS 7 4 


ECCT POSTER RT TTL CEE ELE 18 11 
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Food . seete- Signau 
iii ae Sli pais beaiew 10 3 
ee ee ee 7 2 
Ne Nas aa Wikia ae cabn news ede ciceeceese 6 1 
hath hie a we bk Wok a4 bubs bien e-0 Ws 32 19 
OG a os Se ee 47 80 


Von Fellenberg and Geilinger (123) determined the iodine absorption 
by fungi, making cultures in media containing one-half per cent of 
potassium iodide in 0.003 percent of starch. Inacidsolutionthe oxygen 
of the air oxidized the iodide to iodine. On adding bacteria this iodine 
disappeared and Von Fellenberg supposed that it was absorbed by the 
bacteria but we know particularly from the work of W. M. Clark that 
certain bacteria, at least, have a powerful reducing action and reduce 
free iodine very rapidly. Von Fellenberg’s evidence that the bacteria 
had absorbed iodine was based on the fact that they contained iodine 
after removal from the culture medium, but the culture medium con- 
tained one-half per cent of potassium iodide and the dried bacteria 
contained only about one-half per cent of iodine. The dried substance 
was less than one-fourth of the total weight of the bacteria. Further 
experiments were done with mold as shown in the following table: 


Iodine binding by Aspergillus niger and albumin at different pH values 


Lodine in Iodine in 
fresh dry 
substance substance 
parts per billion 

is cig ian ic nib gn bb's bak 660d bninie ll 45 
EE SS 25 2,800 
3. Aspergillus niger + KI + powdered chalk....... 40 180 
4. Egg albumin + KI + lactic acid. ............... 500 6,550 
inva aae eds wenbaneees 0 0 


Von Fellenberg concluded that iodine was bound by mold in the same 
way as by egg white. 

McClendon and Hathaway (100) in 1924, determined the iodine 
content of food from goitrous and non-goitrous regions as follows: 


Iodine, parts per billion—dry foodstuff from non-goitrous regions 


Iodine content Locality 

NTE ee a capeavinene ees 4 Storrs, Conn. 
ek ke dv ede ab en aus 9.3 Edgecomb, Me. 
RSS ES ee 23 Storrs, Conn. 
Te ck aribniemees 175 Wiscosset, Me. 
i aac vniges sk gedes kee reane 52 Wiscosset, Me. 
ESO ne 73 Storrs, Conn. 
ee La ccer cede nk ie eave’ des-wees 3.5 Storrs, Conn. 
SEES eee 170 California Coast 


De eta bnewekbenseene« 100 Cape Cod (123) 
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From goitrous regions 





Iodine content Locality 
Cereals: 
ee es 5, See Be 10 Minnesota 
ov ou catpamae mee ane oh maieae 1 Minnesota 
RE idiits Ani en tie es yuis ah nae 6.6 Minnesota 
TT ee ere Peres | mee 3.5 Minnesota 
iad a Ni nin: vai eNO Waa Rha eee 15.5 Minnesota 
RESO ote ee 9.6 Minnesota 
ET OR gees SF NSPE Re Renae 3.7 Minnesota 
Pot herbs: 
a ea a eed Ei 19.5 Oregon 
SETTLE AS OEE OE 29 Oregon 
I idle wins Glove ho Riediv en bia wee piace 2.3 Oregon 
RE OO Pe eee ome 13.5 Oregon 
Fruits: 
Apples (peeled and cored)............. 3 Oregon 
Pears (peeled and cored).............. 15 Oregon 
ioe oircigt Bh heii wtinldasse ener 4.8 Oregon 
NN SES Ea ee 33 Oregon 
a ys hea a iblas wiksireibteniein 11.1 Oregon 
NS oon lw in Nats whew Bote 160 Oregon 
ee ety Yr 0 Minnesota 


Von Fellenberg (83) determined the iodine content of Lichens which 
he claims obtain iodine from the air, and of fresh water of Algae, as 





follows: 
‘Ach 
Lichens BN Algae 

billion Parts per 
Dcgwewepad Leae cdae cedar 140 billion 
Tn DOt a. anpnadielwitdis e MEK eye ee 200 9. Protococcus viridis......... 2,420 
Dac shee ace Babrasbhince 34 2d whine 300 10. Protococcus viridis......... 1,560 
rr ers et 480 11. Protococcus viridis......... 980 
eb ctxis apes tach bendabiiewcae ee errr 340 
Mit dikes cued: a nls wax al ambioieaie Ee eee 3,440 
Ot wadcdanidsneddek nae kaa eees SY EE oo oi aac od cdsecaaseks 7,300 
| i cebsbicasweordbakaasanniaaked Se Sn cds oa es cSeeses ates 8,350 
| Von Fellenberg (107) determined the iodine content of various plants 

as follows: 
Cereals and legumes Parts per 
Parts per billion 
| billion Rye—Switzerland, Waadt........ 24 
Wheat—United States, Hanley, Rye—Switzerland, Zurich. ....... 20 
hs 4 athe See Walaa as I eer ee 36 
Wheat—United States, Elkon, asain ou uaiee a ainin oe aed 24 
| SES ER eee eae eee arte 48 Maize—lItalian................... 12 
Wheat—Manitoba................ 56 Rice—Italian.................... 32 
Wheat—Manitoba................ Be Msg oo ca vn ccensccevens 10 
| Wheat—Australia................ Me MNES gb vk n cv ncncoessvecns 8 
Wheat—Roumania............... PER To id ots os ee es saveeas 22 
Wheat—Switzerland, Geneva..... ee PS. Sag VY kGc Cw aac wenendiou 12 
Wheat—Switzerland, Bern........ AES Ee ee 42 
Wheat—Switzerland, Zurich...... Oe) I, oa cee vsccsdveseoan 64 
Rye—Switzerland, Bern.......... DN igo ca sc ccccvecsuceste 24 
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Parts per 


billion 
ed er orev is aw eine 16 
aaah euwus wae news 15 

Fruits 
Lemons—Italian, juice. .......... 16 
Lemons—lItalian, whole. ......... 7 
Lemons—lItalian, juice........... 16 
Lemons—lItalian, whole. ......... i) 
Lemons—Italian, juice. .......... 45 
Oranges—lItalian, peeled......... 6 
Mandarinen—peeled.............. 8 
Mandarinen—peeled.............. 6 
Bananas—peeled................. 29 
Bananas—peeled................. 28 
Grapes—Spanish................. 120 
Dry prunes—Serbian............ 100 
Fungi 
PP Lhcierdhicehiens ipeu kn <xwines 6 
RR iii ces oss wad beees 70 
rt ah ete ae eaancnads tai 7 
TE Ss RE CR ey Ben ae 43 
Oils 

a iid wk dbuuss ovk veut 66 
ite aiaera ys wninina died hw 30 
is i hG a ind cal wash © kine en 30 
TE ili Sea lick end aA nite 50 


X. IODINE CONTENT IN ANIMALS. 


F. MCCLENDON 


3 per 

llion 
Poppyseed See Pre ... oo 
no oc cain cake bam 43 
ES . 54 
PETC S7 
TA ee nes 95 

N uls 
ec 15 
0 ES, Se ones eee 30 
Almond..... a Se aL 20 
ee 200 
Cocoa and chocolate 
Me ang Saabs i kueeeee Crenews SO 
Ee Se Hy ae eS 30 
EE ee or eee ee ~ = 
Milk chocolate i SN 140 
Milk chocolate with coffee........ 120 
Chocolate a la noisette........... 60 
Drinks 

ED. . ov oc wckeakedisacens 80 
Green tea—China................ 7: 
Mate—Brasilian.................. 160 
ES Fe ee — 
Linden blossoms................. 75 
EE ae eee ere 44 
SEP FS 232 
re eee 310 


Drechsel (124) in 1896 isolated an 


organic iodine compound out of the skeleton of gorgonians (seafans). 


He called the organic skeletal matter “gorgonin”’ 


compound “‘iodogorgonic acid. ”’ 
of iodine. 


and the isolated 


The latter contained nearly 8 per cent 
Drechsel thought it was iodamino-butyric acid but Wheeler 


and Jamieson (125) in 1905 succeeded in synthesizing it by the action 
of iodine on 1-tyrosine in alkaline hydroxide solution and determined 


its composition to be di-iodotyrosine. 


This compound and thyroxin are 


known to occur in animals, and iodized fats are supposed to occur in 
them, as well as inorganic iodine compounds. 
Bourcet (111) determined the iodine content of fish and other sea food 


as follows: 


Clupea harengus 
Clupea harengus 


Parts perbillion 
; 


herring, smoked, roe... .. .... 800 
herring, smoked, milt. ... acacia) ne 


Clupea harengus herring, smoked, entire 1,700 
Clupea harengus herring, smoked, entire . 1,800 
Clupea harengus herring, smoked, entire 2,000 
Gryphea arcuata ee 1,300 
Raja clavata | ea De axa abhae Gea 200 
Merlangus vulgaris le alate accinga ome es 
Scomber scombrus Mackerel . 300 
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Parts per billion 


Alosa sardina DN, x Go cunen Gane chore eneoeta 600 
Trigla cuculus NE Cig. kk Sede ote l ssn eels thal 1,200 
Mytilus edulis A el ea Sd ota a 1,900 
Cladus morrhua aS ee ad 1,200 
Merlangus corbonarius Coal fish, viscera. ....................-. 2; 400 
Merlangus corbonarius Coal fish, flesh. ...................2..... 900 
Crangon vulgaris Ne dic, tik walla alll ww cin Om ae 700 
Littorina littorea RR RE -Sg Seer TA Ea 750 
Alburnus lucidus I ad, Sx'y: sid dettagliata ley in tad aed 600 
Auguilla vulgaris Ta a a alate tind hit Se 800 
Esox lucius tel ot-ineks pwesd he kaeie ede ses decomen 300 
Leuciscus rutilus EF ee Om ye eee 1,200 
Gobio fluviatilis I Sn nn.ns 4 cee Gls mar Biathee'e aha 120 
Abramis brama A RES Re e815 ee I eatin 1,200 
Lotta vulgaris ite: i .csaheksneebeevadiekibananen 800 
Salmo salar Atlantic salmon, head.................. 1,400 
Truita marina NN, Ss cde penmhidens 4s oh acnwkl 100 
Cyprinus carpio SERS CE area ee «0 a eye 600 
Leuciscus cephalus IS 5 cna died ai hined) 000 oatat 70 
CRommecivomem wees DEMIG. .. 26. ccccccccessvcvecsvcccccccses 600 
Bolva vulgaris REST een ee ee eee a ea ee 1,200 


McClendon and Hathaway (100) determined the iodine content of 
skimmed milk from Minnesota (a goitrous region) to be 12 parts per 
billion on a dry basis and of butter, 140. From this it may be calculated 
that fresh milk contains about 7 parts per billion of iodine of which 6 
parts is in the butter fat and one in the skimmed milk. A sample of 
goat’s milk from the California coast, which is a non-goitrous region 
(Salinas) yielded 400 parts per billion of iodine on the dry basis, in- 
dicating that the iodine content of milk varies with the locality. 

Von Fellenberg (96) determined the iodine content of some animal 
foods purchased in Switzerland as follows: 


Milk, eggs and meat: 


= in rt 
Origin — billion. 
SE ee ee em eee eee eS Bern 5 
a a td ae 106 
ECCT TOT TE Pere 38 
ora 6 ay ude sees taken ew eedeeRae Wengi, See land 22 
ha aise vik wk esikin cicada ao OR Italy 12 
RITES 45s ad ow tin keke ewe a eke Steiermark 63 
Le oa 1 in Soe hs aw uk MONT wea Bulgaria 27 
CE sa cv ans ok Geese be diea Vaaaaewnunees Bern 22 
a ee a wae wage Bern 5 
EE nee Smee ree ey ere Bern 19 
Water animals: 
No ee ee ed Bern Market 36 
Ee ae ee ee Bern Market 29 
Sardines—Market ‘‘ Amieux’’ headless.... Mediterranean 163 
go a ae Ol Evers ete Mediterranean 53 
CCL ee Ee Greece 3,870,000 
Fat and oils: 
i America 7 
a a Scandinavia 7,200 


Oe TEVOP OU, CUM. coinie ccc cc rncecaeneven Scandinavia 3,370 
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Tressler and Wells (126) determined the iodine content of animals 
from the sea and fresh water in the United States as follows: 
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Iodine parts per 





billion 
Fresh 

Mollusks: 

Clams, hard—Venus mercenaria.............2..0005- 1,370 6 
Oysters, select—Ostrea Virginica or Ostrea elongata... 1,160 6 
nT 120 3 
Scallops, giant—Plactopecten grandis...............:- 150 

Crustaceans: 

Crabs, blue, soft, whole—Callinectes sapidus.......... 90 
Crab meat flake—Callinectes sapidus................ 180 
Lobster—Homarus Americanus.........ccccceeeceees 1,380 11 

Nee i a cimnisiee denen 450 2 

Mammal: 

Tee ee ea epemesaneons <10 

Marine Fish: 

Bluefish—Pomatomus saltatriz............0000. 000000. 260 ] 
ec ec enweeteonseaaves 240 1 
Haddock—Melanogrammus aeglefinus................ 290 1 
Halibut—Hippoglossus hippoglossus................. 250 
Mackerel, Boston—Scomber scombrus................ 140 
Mackerel, Spanish—Scomberomorus maculatus. ...... 400 ] 
Pollock—Pollachius virens..............ccceeeeceeee 120 
Pompano—Trachinotus carolinas. ..........0..0.0000 80 
Scup—Stenotomus chrysops............ccc cece cecuces 300 
Spot—Letostomus Xanthurus ............ 000 cee eens 590 l 
Squeteague—Cynoscion regalis.... 0.00... cece eee 230 
SE EE ED 270 ~=61 
Winter flounder—Pseudopleuronectes americanus..... 180 
Anadromous fishes: 
Alewives smoked—Pomolobus pseudoharengus........ 260 
ee 450 2 
ED —CPUMUOPURD TOOTUGR, . ow... cc cece cescccescees 10 
Spotted squeteague—Cynoscion nebulosus........... 20 
White perch—Merone americana..................4.- 420 ] 

Fresh water fishes from Lake Erie: 
SE a ee 240 
ee ck way pwewbeewenes 270 
Lake trout, Salvelinus namaycush................-. 10 
Whitefish, Coregonus clupeiformis. ..............6445. 30 

Fresh water fishes from Potomac River: 

Bass, large mouth black—Micropterus salmodes, 

Ne aa ae a waainw ie venide wees 50 
Perch, yellow—Perca flaverscens............002200005 20 
Pickerel, eastern—Lucius reticulatus, Le Sueur....... 70 

Fresh water fishes from Mississippi River at Fairport, 

Iowa: 

Bass, large mouth black—Micropterus salmoides... .. 10 
Black bullhead—Ameriurus melas ............002005. 10 
Blue gill—Lepomis incisor... ............0.00e ee eees 40 
ee 20 
Buffalofish, big mouth—Ictiobus cyprinella.......... 20 
Buffalofish—Carpiodes difformis. ................645. 30 
Buffalofish, razor back—ZIctiobus bubatus............ 20 
re oF. 10 
Channel catfish—J/ctaluras pwnctatus................ 10 


Drum, fresh water—A plodinotus. ...........00625055 <10 


Dry 


,200 
, 000 
,170 

810 


490 
870 
, 5990 
,250 


<40 


,870 
000 
,050 
S30 
330 
,410 
900 
250 
950 
, 140 
S50 
, 170 
730 


500 
,000 
70 
sO 

, 420 


550 
870 

40 
110 


190 
90 
300 


40 
40 
180 
80 
80 
130 
80 
40 
40 
<40 
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Iodine parts per 


billion 
Fresh Dry 
Grunniens: 
Gar pike—Lepisosteus osseus. ........... 0c cece eee ees 10 40 
Gizzard shad—Dorosoma cepedianum................ 10 40 
Spotter sucker—Minytrema melanopes..............: <10 < 40 
White crappie—Pomozes annularis.................. 10 30 


Jarvis, Clough and Clark (127) determined the iodine content of 
salmon, classified according to species, that average as follows: 


Iodine content canned salmon by species odine content canned Chinnok Salmon 
by districts 


Parts per 


Parts per 

billion billion 

dry basis Dry basis 

0 Ee, rr err 1,334 Columbis Rivet... .......66..0: 1,559 
Red, Sockeye, Blueback........ Le, IES chvnwss wdeae vendre 1,438 
Chinook, King (1 and 2)....... 1,086 Central Alaska................. 1,421 
King—All grades............... a rere 1,039 
Te acta he cnate tikes that as dan et sual ee ee 957 
ee cae tie heme enwe 812 Klamath River................. 906 
SD ib sua eve bchac advareseoea Dee” Te ee A Sh hs ev de ods cucleue 894 
RE ee ee Sk: NE ditt cu i Late tereenda since 769 


Kendall found the iodine content of human blood to vary from 0.01 
to 0.017 mgm. per 100 cc., the average being 0.013. 

The effect of iodine compound on the metamorphosis of tadpoles. Gud- 
ernatsch (128) observed that the feeding of mammalian thyroid gland 
to tadpoles of frogs and toads, caused them to stop growing and very 
rapidly develop into frogs or toads which were of small size owing to 
their precocious development. This phenomenon was studied by a 
number of workers and it was found that the thyroid was not the only 
substance which would produce this metamorphosis, but other iodine 
compounds were also effective. 

Morse (129) observed that iodized serum albumin was also effective. 
Therefore, one would suppose that the injection of iodine directly into 
the blood, since it would lead to the formation of iodized serum albumin, 
would be effective. Swingle (130), in 1922, observed that any iodine 
preparation which he tried was effective, but the effect was not simply 
due to the iodine content, because it was not proportional to the iodine 
content. In order to rule out the effect of the thyroid gland of the 
tadpole itself he cut this out and verified by microscopic sections later 
that he had produced a complete thyroidectomy. Thyroidectomized 
tadpoles never metamorphose unless fed iodine preparations. In order 
to produce metamorphosis, thyroid feeding was the most effective. 
Di-iodotyrosine was next in order and potassium iodide was least ef- 
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fective. That is, it was effective only if given in great excess. These 
experiments were done on frog tadpoles but the tadpoles of salamanders 
behaved similarly. Axolotls were thyroidectomized and then injected 
with di-iodotyrosine which produced metamorphosis. Necturus (131) 
is a related species which never metamorphoses. It is not possible to 
cause it to metamorphose by means of thyroid. Romeis (132) states 
that thyroxin is 100 times as effective as di-iodotyrosine. 

XI. IopINE aBsorPTION. Von Fellenberg (83) states that in plants 
iodine may be absorbed from the atmosphere, to account for the fact 
that he found iodine in lichens growing on clean surfaces of rock. It is 
well-known that mammals absorb potassium or sodium iodide with 
extreme rapidity when taken by mouth. McLean (133) observed that 
when iodized fats are fed, the iodine is absorbed with the fatty acid and 
is deposited in the cells with the fraction containing the fatty acid, or 
“lipoid”’ fraction. If iodized albumen is fed the iodine is broken off 
from this combination and distributed in the same way that inorganic 
iodide is distributed in the body. Jess (134) studied the iodine content 
of cancer in a patient that had been given “‘alival,”’ an organic iodine 
preparation, intramuscularly and “iodipin,’’ another iodine preparation, 
by mouth. The blood contained 210,000 parts per billion of iodine, 
the thyroid 506,000, the cancer 210,000, the liver only 146,000, and 
skeletal muscle only 72,000. 

MeCarrison (135) interpreted experiments on animals in which the 
thyroid increased abnormally in size (goiter) as indicating failure to 
absorb the iodine from the food. He claims that large amounts of 
bacteria in the food or non-iodized fats or lime in the food caused goiter 
and, therefore, must have prevented the absorption of iodine. If fats 
became iodized in the intestine and then were not absorbed they would 
lead to the elimination of iodine in the feces. In the same way bacteria 
which passed out in the feces, if they had absorbed iodine in the ali- 
mentary tract, would prevent its absorption. It would be desirable, 
however, to determine this by iodine analyses. McClendon (136), in 
1923, showed that bacteria removed iodine from the medium. 

Besides iodine absorbed from the alimentary canal, iodine may be 
absorbed from the skin and lungs. Luckhardt, Koch, Schroeder and 
Weiland (137) observed that when iodine is deposited on the skin in the 
form of fumes it is absorbed and appears in the urine. When iodine 
fumes are inhaled they are absorbed. The toxic dose is 18 mgm. per 
kilogram of body weight (absorbed by the lungs), which causes a pul- 
monary edema. Wetzel and Sollmann (138) observed absorption of 
iodine through the skin. 
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XII. lopINE METABOLISM. In studying iodine metabolism it is 
desirable to know the total iodine intake. That is to say, that obtained 
from food, drink and breath and that absorbed through the skin. Since 
iodine was first discovered in marine products and since it was noted 
that a trip to the sea coast sometimes cured goiter, it has been supposed 
that proximity to the sea was one of the chief factors in the supply of 
iodine. In 1922, the author (139) pointed out that the sea water 
brought down on land (chiefly by the action of rain drops) has been 
determined by chlorine analyses in certain regions, particularly in New 
England and New York. The amount of iodine is very small. In fact 
one would have to be within about three miles of the coast to get much 
benefit. Right at the seashore iodine is brought ashore more in the 
bodies of seaweed or marine animals than by sea water that is washed 
ashore. 

There is considerable goiter in Seattle, Washington which is right on 
the shore of Puget Sound. Apparently the width of the city itself is 
sufficient distance from the sea to decrease its beneficial effect. On the 
San Juan Islands in Puget Sound, there is practically no goiter among 
school children, showing the advantage of being entirely surrounded by 
the sea. 

Hercus, Benson and Carter (64) showed that in Christchurch, New 
Zealand there was 20 per cent more goiter than in Christchurch Harbor 
(Lytleton) although the two cities are adjacent. In other words, a few 
miles separation from the sea decreases the availability of iodine from 
this source. Goiter occurs in England. In fact it has been called 
“Derbyshire neck.’”’ There is practically none in Scotland, which is 
narrower and therefore nearer to the sea than most of England. Goiter 
is uncommon in Denmark and in Norway, both of which are rather close 
to the sea. Holland may be divided into goiter-free and goiter-rich 
regions. 

Perhaps the earliest experiments on iodine metabolism were attempts 
to produce goiter in animals by a low iodine intake. The earlier of these 
experiments concerned only the iodine in the water supply, thus Knap- 
penburg (140) attempted to produce goiter in a goiter-free region of 
Holland by supplying rats with water (brought from the city of Utrecht) 
which had a low iodine content. He reported negative results. How- 
ever, the Utrecht Goiter Commission stated that the water did have an 
effect on the weight of the thyroids. 

Houssay (141) performed similar experiments in Buenos Aires by 
giving rats water brought from a goiter region and he states that only 
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two rats (out of several lots of 20 each) developed goiter. These ex- 

periments can be criticised owing to the fact that the iodine content of 
¥ ° 

the food was not determined. 
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Fig. 7. Relation of weight of thyroid in milligrams to body weight of white 
rats in grams, on low (no iodine) and high (iodine) diets 


McClendon and Williams (142) performed experiments on rats in 
which they state that the iodine content of the dry food was less than 
120 parts per billion. More accurate analyses later showed it to contain 
10 parts per billion of iodine. This diet contained casein from Grove 
City, Pennsylvania, creamery, containing only 6.7 parts per billion of 
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iodine. The rats receiving this low iodine diet and distilled water 
developed goiter, whereas control rats receiving the same diet and water 
containing 0.01 per cent iodine, had normal thyroids. The relation of 
the weight of the thyroid in milligrams to the body weight in grams is 
given in figure 7, in the two curves marked iodine McC, and no iodine 
McC. In these latter, the thyroid was not as large as in those of Dr. 
C, M. Jackson’s rats (marked stock) receiving a low iodine diet, the 
iodine of which was not determined. Perhaps more careful experiments 
were made by Hayden, Wenner and Rucker (143), and their results are 
shown also in figure 7, in the two curves iodine H.R. & W. and no iodine 
H.R. & W. (The diet contained 9 parts per billion of iodine, as deter- 
mined later.) 

McClendon and Hathaway (144) analyzed the iodine intake in food 
and drink and the outgo in urine and feces of a normal man 23 years of 
age who had never developed an enlargement of the thyroid and yet was 
living in a goitrous region (Minneapolis). He consumed in three days 
0.057 milligram of iodine on a diet which was as nearly as could be 
estimated his regularly accustomed diet. In these same three days he 
excreted 0.021 milligram of iodine, having retained 0.036 milligram of 
iodine, or a retention of 0.012 milligram per day. At this rate it would 
require about five years to accumulate 20 milligrams of iodine in the 
body, which is the quantity that Kendall has found to be the average 
body content of a normal man in this region. This excretion of 0.007 
milligram of iodine per day is partly due to the fact that some of the 
iodine was contained in such substances as the seeds of fruits which were 
not digested and therefore gained no opportunity for the absorption of 
the iodine. 

Von Fellenberg (145) performed an iodine metabolism experiment on 
himself, first on a low iodine intake of about 0.014 milligram of iodine 


per day, and later on a somewhat higher iodine intake, as shown in the 
following table: 


Day Pa. pen en Urine nee jo Dow froma Peay le Sweat Total elimination 
1 0.0003 0.0086 ~- —_ -— 0.0086 
2 0.0143 0.0123 — os -— 0.0123 
3 0.0143 0.0186 _— _ — 0.0186 
4 0.0143 0.0124 — i —- 0.0124 
5 0.0143 0.0209 _ —_ — 0.0209 
6 0.0143 0.0124 — — -— 0.0124 
7 0.0143 0.0123 —_— — -- 0.0123 
8 0.0143 0.0230 — —- — 0.0230 
i) 0.0143 0.0122 — = _- 0.0230 

10 0.0143 0.0139 — — —_ 


0.0139 
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Dey inate moms UP Recea HN secretion’ Sweat Total elimination 
11 0.0143 0.0123 — — 0.0063 0.0186 
12 0.0143 0.0054 — — — 0.0054 
13 0.0143 0.0115 — — — 0.0115 
14 0.0143 0.0108 — — — 0.0108 
15 0.0143 0.0092 — — — 0.0092 
16 0.0143 0.0092 ~ — — 0.0092 
17 0.0143 0.0048 0.0082 —- = 0.0130 
18 0.01438 0.0139 0.0097 — — 0.0236 
19 0.0143 0.0102 0.0032 — — 0.0134 
20 0.0143 0.0139 0.0037 — — 0.0176 
21 0.0143 0.0208 0.0109 ~~ —- 0.0317 
22 0.0143 0.0108 0.0097 0.0013 — 0.0218 
23 0.0143 0.0046 0.0060 0.0012 0.0050 0.0168 
24 0.0143 0.0077 0.0030 0.0021 _- 0.0128 
25 0.0143 0.0092 0.0054 0.0033 0.0006 0.0185 
26 0.0143 0.0085 0.0013 0.0019 0.0040 0.0157 
27 0.0143 0.0070 0.0023 0.0029 0.0012 0.0134 
28 0.0143 0.0051 0.0072 0.0006 0.0003 0.0132 
29 0.0143 0.0044 0.0015 0.0014 0.0005 0.0078 
30 0.0526 0.0132 — 0.0031 0.0039 0.0202 
31 0.0526 0.0270 0.0093 0.0042 0.0027 0.0432 
32 0.0526 0.0255 0.0026 0.0015 0.0039 0.0335 
33 0.0526 0.0255 0.0177 0.0037 0.0029 0.0498 
34 0.0526 0.0200 0.0052 0.0032 0.0025 0.0309 
35 0.0526 0.0285 0.0027 0.0009 0.0009 0.0330 
36 0.0526 0.0255 0.0035 0.0051 0.0024 0.0365 
37 0.0557 0.0190 0.0031 0.0037 0.0036 0.0349 
38 0.0719 0.0245 0.0077 0.0031 0.0017 0.0370 
39 0.0719 0.0154 0.0040 0.0104 0.0019 0.0317 
40 0.0719 0.0215 0.0025 0.0108 0.0022 0.0370 
41 0.0719 0.0385 0.0153 0.0015 0.0013 0.0566 
42 0.0719 0.0232 0.046 0.0006 0.0002 0.0286 
43 0.0719 0.0177 0.0072 0.0095 0.0014 0.0358 
44 0.0748 0.0207 0.0177 0.0041 0.0019 0.0444 
45 0.0763 0.0575 0.0077 0.0036 0.0003 0.0691 
46 0.0526 0.0430 0.0195 0.0058 0.0006 0.0689 
47 0.0770 0.0293 — 0.0003 0.0055 0.0351 
48 0.0770 0.0500 0.0170 0.0002 0.0003 0.0693 
49 0.0770 0.0278 0.0642 0.0042 0.0008 0.0970 
50 0.0143 0.0253 0.0033 0.0018 0.0130 0.0434 
51 0.0143 0.0288 0.0068 0.0054 0.0037 0.0447 
52 0.0003 0.0184 0.0004 0.0047 0.0018 0.0253 
53 0.0003 0.0283 0.0004 0.0018 0.0005 0.0310 
54 0.0143 0.0350 0.0029 0.0045 0.0031 0.0455 


Von Fellenberg (146) determined the iodine in 24 hour samples of 
urine (about the first of November, 1923) of the citizens of Effingen, 
Hunzenschwil, and Kaisten. In Effingen there was 1 per cent goiter 
in the population, in Hunzenschwil there was 56 per cent and in [KXaisten, 
62 per cent. 


Effingen 


Thyroid examinatio 


Sez Age Iodine, mgn by palpatior 
Male 10 0.053 Normal 
Female 34 0.028 Normal 


Male 34 0.079 Normal 
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Sez Age lodine, mgm, saa oo 
Male 35 0.069 Normal 
Male 36 0.073 Normal 
Male 42 0.108 Normal 
Male 44 0.040 Normal 
Kaisten 
Male 7 0.017 Slight enlargement 
Female 13 0.014 Slight enlargement 
Male 36 0.011 Medium adenoma 
Male 37 0.025 Small adenoma 
Female 37 0.025 Medium enlargement 
Male 37 0.022 Slight enlargement 
Female 40 0.024 Normal 
Male 47 0.028 Slightly enlarged isthmus 
Male 49 0.029 Slight enlargement 
Male 67 0.014 Right lobe enlarged 
Male 72 0.004 Right lobe enlarged 
Hunzenschwil 
Male If * 0.010 Slight enlargement 
Male 12 0.008 About normal 
Male 14 0.024 Slight enlargement 
Male 19 0.007 Large goiter 
Female 25 0.005 Left lobe, medium enlargement 
Male 26 0.019 Right lobe, medium enlargement 
Male 28 0.023 Right lobe, medium enlargement 
Male 29 0.009 Slight enlargement 
Male 30 0.022 Medium enlargement 
Male 48 0.027 Normal 
Female b+ 0.028 Medium enlargement of isthmus 
Male 72 0.021 Normal 


Veil and Sturm (147) studied the variations in the iodine content of 
blood. In the late summer, and fall it was 128 parts per billion and in 
the winter, 83 parts per billion. About 65 per cent of the total iodine 
content of the blood was organic and 35 per cent inorganic. The 
distribution of iodine in the blood corpuscles and plasma was about 35 
per cent in the corpuscles and 65 per cent in the plasma. If one-half 
gram of potassium iodide was given by mouth, about 68 per cent of 
it was excreted in the urine within 24 hours. The iodine of thyroidin 
taken by mouth behaved similarly. Of the 33 patients with goiter, 70 
per cent of them had the iodine content of the blood below 120 parts 
per billion. 

XIII. PropHyLaxis IN ANIMALS. Marine and Lenhart (148) ob- 
served that the addition of iodine to the water (1 part of iodine per 
million) in which young brook trout were being reared, prevented goiter 
in these animals. Control experiments without iodine showed goiter 
in a large number of the trout under the same conditions of water and 
food supply. Marine and Kimball (149) found that a milligram of iodine 
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per week given by mouth was sufficient to prevent goiter ina dog. As 
early as 1820, sheep growers in Michigan prevented goiter by the use 
of crude salt containing traces of iodine. Growers of sheep, hogs, goats, 
cattle and horses in Michigan, Wisconsin, Montana and Washington 
began giving domestic animals iodine or using crude salt which con- 
tained traces of iodine or iodized salt for goiter prophylaxis (150). 
Hart and Steenbock (151) advocate the use of foods higher in iodine 
content and where this is ineffective, to add 10 grains of KI to 100 pounds 
of feed for all brood sows in order to prevent goiter in the newborn 
(hairless pigs). Welch (152) found that 2 grains per day per animal 
was sufficient to prevent goiter. He states that the sheep-men (153) in 
Madison Valley, northwest of Yellowstone Park, added 0.03 per cent of 
iodine to salt for the sheep. The minimum quantity necessary is 
somewhat difficult to determine in field experiments since the natural 
sources of iodine are variable from year to year. Some years no goiter 
appeared even though no iodine was added. 

Kalkus (154) reported on various stock animals in the state of Wash- 
ington and showed, at least for angora goats, that goiter could be ab- 
solutely prevented by administering iodine during pregnancy, either by 
mouth, subcutaneously, or on the skin. Evvard, Lamb and Gassler 
(155) showed that potassium iodide would prevent goiter in lambs in 
Iowa. One-half grain of potassium iodide per week was fed to each 
mother. The elimination of iodine in the milk was practically complete 
15 days after iodine feeding was stopped. No one has determined the 
minimum quantity of iodine necessary to prevent goiter in animals. 

XIV. PROPHYLAXIS INHUMAN BEINGS. In 1917, Marine and Kimball 
(156) experimented in the schools of Akron, Ohio; 2,190 school girls each 
took 2 grams of sodium iodide twice a year for 3 years. Of these only 
5 developed goiter, while of the 2,305 girls not given iodine and observed 
as controls, 495 developed goiter. The result of this experiment was so 
striking and convincing that iodine prophylaxis for goiter was taken up 
in many parts of the United States, Europe, New Zealand and India. 
The administration of iodine for the prevention of goiter is under govern- 
ment control in Switzerland and Italy. 

Coulaud (157) comments on the variability of the dose of iodine. 
In Switzerland about 1 milligram of sodium iodide is administered to 
each school child a week, whereas in America doses ten times this strong 
are used. In Switzerland, potassium iodide is added to common salt 
in proportion of 5000 parts per billion. He states that trials of iodine 
prophylaxis were made in France towards the middle of the last century 

















DISTRIBUTION OF IODINE WITH REFERENCE TO GOITER 237 


and later in Austria and Italy. The method, however, was soon aban- 
doned, the heavy doses employed (from 1,000 to 1,500 parts per billion 
of table salt) having resulted in numerous accidents. 

Von Fellenberg (158) determined the loss of iodine from salt after the 
addition of potassium iodide to it. The iodide is oxidized to iodine by 
nitrite, or by atmospheric oxygen under influence of catalysts, or the 
iodide without being oxidized diffuses in the moisture of the damp salt 
and finally reaches the bag in which the salt is contained and is con- 
centrated by evaporation, and so is lost from the salt. The loss is very 
slow, however, and with certain samples of salt, no iodine was lost in 
52 days. 

Von Fellenberg (159) states that the consumption of iodide-salt in 
Switzerland reached 10,600 metric tons in 1925, and probably supplied 
two million of the population. Eggenberger (160) has written numerous 
papers on the use of iodized salt in Switzerland and enumerates the 
beneficial effects. He states that 0.04 to 0.08 milligram of iodine per 
day is the normal intake in goiter-free regions and that the biological 
minimum to prevent goiter is about 0.04 milligram per day. He es- 
timates that after iodized salt had been used in Switzerland two and 
one-half years (reported in 1924) 17 per cent of the table salt used 
was iodized. In the region of Appenzell, 80 per cent of the table salt 
used was iodized. Iodized salt was introduced into Austria in 1923 by 
W. Von Jouregg, and in Bavaria in 1924 by Dieudonné. Hunziker, 
(161) 1924, has reviewed the whole question of goiter on the basis of 
iodine deficiency. The section of his book on Jodized Salt was written 
by Eggenberger. He also considers chocolate iodostarine tablets, con- 
taining 5 mgm. of iodine each, which have been used rather exten- 
sively in Switzerland. . In these tablets the iodine is combined with an 
organic acid and flavored with chocolate. In some parts of Switzer- 
land iodized salt is sold by the government and in other parts tablets 
containing iodine are issued in the public schools. He states that in 
cases where pregnant mothers have taken iodized salt there has been no 
goiter in newborns, and that endemic goiter is prevented by iodized salt. 
Many measurements on goiter patients have shown that all adolescent 
and many adult goiters slowly decrease in size where iodized salt is being 
used in the salting of all food and that less goiter operations have been 
necessary since it has been used. Neck measurements of school children 
by physicians show that goiters decrease in size by the use of iodized 
salt, or iodine tablets. 

Silberschmidt (162) studied the use of iodized tablets (containing 
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3 mgm. of iodine) to reduce goiters in girls aged 15 to 22, and states 
that soft goiters reduced more rapidly than hard ones. Goiters with 
connective tissue infiltration are less likely to show much reduction from 
the iodized tablets or salt (Canton or Zurich). 

Klinger (163) recommends one iodine (iodostarine) tablet per week 
for patients who have already been operated for goiter, to prevent 
recurrence. He reduced goiter incidence in school children from 90 per 
cent to 28 per cent in 15 months by 10 to 15 mgm. iodine per week. 
Oswald (164) recommends 1 to 2 mgm, of sodium iodide per week for 
each school child or pregnant woman. Hercus, Benson and Carter (64) 
report the results of prophylaxis in the schools of Christchurch, New 
Zealand, using the quantity of iodide advocated by Marine. At the end 
of three years 843 per cent of the treated school children had normal 
thyroids, whereas only 57.6 per cent of the untreated school children 
had normal thyroids. 

Little (165) increased the iodine content of the city water supply of 
Rochester, New York, by the addition of 16.6 pounds of sodium iodide 
every day for two weeks twice a year, to the upper part of Rush Reser- 
voir. The iodine content of the city water was raised from the normal 
level of about one part per billion to 20 parts per billion by the end of 
two weeks, then dropped sharply, then remained at about 5 parts per 
billion, at least for many weeks. Quimby (166) advocates the selection 
of a municipal water supply of adequate iodine content, or if this cannot 
be done, the addition of iodine. Goodfellow (167) reviews the work on 
the addition of sodium iodide in water in Rochester, Ilkeston and 
Heanor. Inthe latter two towns the iodide is added continuously. At 
Ilkeston the consumption averages 1,600 gallons per day and two pounds 
of sodium iodide is added per week. Sherman (168) added two pounds 
of sodium iodide to the city water supply of Sault Ste. Marie, Michigan, 
every day for two weeks twice a year. Ellms (169) estimated that the 
cost of adding 75 parts per billion of sodium iodide to city water would 
be $2.83 per million gallons. Hathaway (170) advocates iodine surveys 
of all goitrous regions, the addition of sodium iodide to the water sup- 
plies of cities and towns, and the use of iodized table salt or tablets in 
rural communities. 

Rich (171) discussed the question of iodine in the water supply in 
Michigan and described the administration of iodine in table salt. 
Grau (172) in 1923 described a method of bacteriological sterilization 
of drinking water by adding to a litre, 5 drops of 8 per cent tincture of 
iodine, allowing it to stand twenty minutes, then adding 5 drops of 15 
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per cent sodium thio-sulphate solution. This is similar to the method of 
sterilization of water with chlorine as used in the U.S. Army. Major 
Hitchens, M.C.U.S.A. (173) dispenses with the use of thiosulphate by 
reducing the iodine concentration to one drop of 7 per cent tincture of 
iodine to a quart of water and allowing it tostand 30 minutes. Hestates 
that all harmful bacteria are killed and that the amount of iodine is too 
slight to taste. 

Turrentine (174) advocates the use of sea-weed for the prevention 
of goiter. He has prepared tablets of the sea-weed Macrosystis pyrifera 
for prophylactic purposes. Jarvis, Clough and Clarke advocate the use 
of salmon for the purpose of prophylaxis, and state that the eatable 
portions of the body rich in fat are highest in iodine content. According 
to their analyses the prophylactic dose would be not less than 3 ounces 
per person per day, of the variety showing the lowest iodine content, 
and this would not be sufficient total iodine intake but merely a supple- 
ment to that from other natural sources. 

It is not the purpose of this paper to discuss the pathology of the 
thyroid or methods of therapeutics, but only the distribution of iodine 
from a quantitative standpoint. It seems in order, however, to point 
out that many statements in the literature tend to mislead the reader 
in regard to quantities of iodine used. After a careful review of the 
literature on the pathology and therapeutics of the thyroid, it seems 
evident that high iodine intake can be shown to have nothing to do 
with the origin of any form of goiter (175). Statistics indicate that low 
iodine intake is correlated both with simple goiter and exophthalmic 
goiter. The classification of adenomatous goiter is not usually available 
in statistics and very probably there is no easy way to distinguish 
between toxic and non-toxic adenomatous goiter. If we admit the exist- 
ence of a subdivision of adenomatous goiters (toxic) consisting of thyroid 
which are capable of producing an abnormally large amount of thyroxin 
if iodine is available, then the feeding of large amounts of iodine might 
be of diagnostic significance, in that this would enable the gland to 
produce a large amount of thyroxin and the thyroxin would raise the 
basal metabolism and thus lead to diagnosis of toxic adenoma. If onthe 
other hand, a deficiency of iodine was present with the ability of the 
thyroid to produce too much thyroxin, the diagnosis of toxic adenoma 
would not be possible. In communication with physicians who are care- 
ful in the determination of basal metabolism on these cases at frequent 
enough intervals to adequately study their history, it appears that in 
cases of toxic adenoma a large dose of iodine will produce hyperthyroid- 
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ism, but apparently the iodine which is not made into thyroxin is ex- 
creted and the iodine from the destroyed thyroxin is also to a large extent 
excreted so that at the end of about a month the metabolism may be 
down to-normal. In other words the effect of the iodine is about the 
same as the effect of a single over-dose of thyroxin. Therefore, it seems 
evident that iodine is of only diagnostic importance in this case and 
leads the physician to recommend thyroidectomy. If this iodine was 
not taken intentionally the patient would nevertheless be always in 
danger of hyperthyroidism due to the unintentional taking of large doses 
of iodine in the form of oysters, shrimps, crabs, lobsters, cough-medicine, 
or in other ways. Since heavy doses of iodine (usually 10 drops of 
Lugol’s solution per day) are given to patients for a number of days be- 
fore exophthalmic goiter operations, and small doses of iodine are recom- 
mended by physicians after various goiter operations, it seems inconsist- 
ent for physicians to say that these doses of iodine are barmful. The 
quantity of iodine necessary to produce a rash on the skin is very much 
larger than the doses ordinarily employed in goiter prophylaxis and 
inconvenience from that point is unnecessary. It seems evident, there- 
fore, that most of the statements concerning the harmfulness of iodine 
are exaggerations. The taking of large enough doses of iodides to 
produce a rash on the skin and of elementary iodine (Iz) to cause an 
inflammation of the mucous membranes, is so rare as to be entirely 
ignored nowadays, although it occurred perhaps more commonly in the 
past century. 

XV. METHODS OF IODINE ANALYsIS. It would require too much 
space to refer to the original papers on iodine analysis. Some references 
are given in the beginning of this paper and only a few recent references 
will be given in this section. 

If sufficient iodide is present for weighing, it may be precipitated as 
palladous iodide (PdI.) by the addition of palladous chloride to the acid 
solution. After standing two days in a warm place the precipitate will 
be coarse enough to filter through a Gooch crucible. Wash with warm 
water, dry at 100° and weigh. Stieglitz (176) uses this reaction for 
microchemical detection of iodine in tissues. Usually the sample is too 
small for a gravimetric determination and the iodide is oxidized to iodine 
and determined by titration or colorimetrically. 

Titration (Fordos and Gélis, 1842) is usually done with standard 
sodium thiosulfate solution (in acid or neutral solution) and the reaction 
may be written as follows: 2Naz Ss O; + I, = 2Nal + Nase Sy Os 
(sodium tetrathionate). In alkaline solution some sulfate is formed. 
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Colliodal solution of starch is used as an indicator. Although the com- 
position of iodized starch is in dispute, the reaction is more sensitive 
if one I” (as well as I.) is present. (On prolonged heating of the 
solution the starch reduces the iodine and the presence of an oxidizing 
agent is necessary to restore the color.) Obviously the titration is not 
quantitative if other oxidizing substances are present in addition to I». 

The oxidation of iodide to iodine must be done without oxidation of 
iodine to iodate or IC] and the most useful oxidizing agent is nitrous 
acid. 


According to Lewis and Randall (177, page 599) 


I- + NO; + 2H* = 31: (solid) + NO (gas) + HO (liquid) (1) 
(NO) 
(I-) (NO;) (H*) 





= 10 


Since there would be half as many iodine molecules as NO molecules 
the production of NO would be a measure of the yield of I, and the 


percentage yield would be greater the greater the concentrations of NO, 
and H*. 


There is the possibility of the following side reactions: 
NO; + I: (solid) + H.O (liquid) = NOZ + 2H* + 2I- 
(NOz) (H+)? (I>)? 
~— (NOz) 


Ww 





= 10710 


The production of NO, would be a measure of Iz reduced but this could 
be made small by the increase in (H*). 
The nitrous acid will decompose as follows: 





3NO; + 2H* = NO; + 2NO (gas) + H2O (liquid) (3) 
(NOZ) (NO) 
= 101 
(NO) (H*) 


This reaction may be retarded by preventing the escape of NO and by 
reduction of (H*) or presence of O2 (178). 


4NO + O, + 2H,0 = 4HNO, (4) 
NO; + 31> + 4H* = 3 Nz + 3/2 I, (solid) + 2H20 (liquid) (5) 


This reaction occurs so slowly that it may be neglected. 
Owing to the decomposition of nitrous acid (3) it is not useful as an 
oxidizing agent where the iodine is to be distilled off. 
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Kurtenacher (179) studied the reaction 
IO- + 3HNO: = 3NO; + I- + 3H” (6) 


in a solution of KHSO;. It might be of importance in the presence of a 
mixture of iodide and iodate. 

Iodate may be more rapidly reduced to iodide by the action of sul- 
furous acid. According to Macaulay (180) there may be an intermedi- 
ate formation of yellow SO.HI but the final result is quantitative 
(stoichiometric). Loss of SO. by oxidation by the air is negligible. 

If a solution of iodine is made alkaline, hypoiodite is formed which 
quickly changes toiodate. The rate of the reaction has been studied by 
Lievin (181). 


I, + 2K0H = KI + KIO + H,O (7) 
3KOI = 2KI + KIO; (8) 

Combining 5 and 6 we have: 
3I. + 6KOH = 5KI + KIO; (9) 


The above reaction is reversed by making the solution acid and is the 
basis of a micro-method for the determination of iodine in which the 
iodine is oxidized to iodate in acid solution; the excess of the oxidizing 
agent is removed and an excess of KI is added. The iodine produced 
is six times the quantity of the original iodine so this makes possible 
the determination on a sample one-sixth the ordinary size. The dif- 
ficulty of this procedure lies in the complete removal of all oxidizing 
agents. Since atmospheric oxygen is difficult to remove and since the 
rate of oxidation by atmospheric oxygen is very slow except in the 
presence of catalysts such as iron and manganese, chemists are 
usually content with the removal of these catalysts, rather than the 
removal of oxygen. Since the phosphates of heavy metals are soluble 
to an almost immeasurably extent, it is well to use phosphoric acid as 
an acidifying agent and if any precipitate is formed, filtering it off before 
adding KI. After completion of the titration of the iodine formed, by 
means of thiosulfate, if the solution is allowed to stand, iodine is slowly 
liberated by the action of the oxygen of the air. The rate of this re- 
action will demonstrate the activity of catalysts that the chemist has 
not succeeded in removing and give him an idea of the magnitude of a 
possible error from this source. 

The oxidation of iodide or iodine in strong HCl solution may lead to 
the formation of ICI (182). The oxidation never proceeds further than 
this even with the strongest oxidation agents. Some of these agents 
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are HIO;, HCIO;, Clh, HOC] permanganate and salts of manganese. 
If the solution is shaken with an organic solvent immiscible with water, 
the ICl may pass into this second phase and give a color which is dif- 
ferent from that of iodine and may be similar to bromine. In the water 
solution ICI is bright yellow in color. If the HCl concentration is 
reduced very much the ICI is dissociated by hydrolysis giving rise to 
iodate. By the reduction of iodate with iodide in the presence of HCl, 
I. is formed if there is an excess of iodide, but if there are less than two 
molecules of KI for one of HIO:, ICI] is formed. 

In the colorimetric determination of iodine it is most conveniently 
dissolved in carbon tetrachloride. In this the iodine has a violet color 
similar to iodine vapor and the spectrum shows a dark band in the green 
in the region where most of the strongest lines of the line spectrum of 
iodine vapor occur. In water, iodine has a brown color and the spectrum 
shows the same band but shows more absorption at the violet end which 
is supposed to be due to combination with the solvent. Some solutions 
of iodine are red and the red color is supposed to be due to a mixture of 
the violet and the brown. Very dilute solutions in carbon tetrachloride 
appear pink. (ICl in vapor and water solution has a color similar to 
bromine but is said to be red in carbon tetrachloride.) If a water solu- 
tion of iodine is shaken with an equal volume of carbon tetrachloride, 
about $% of the iodine passes into CCl,. If neutral salts are added to the 
water phase they reduce or increase the solubility of iodine in the water, 
whereas the solubility in CCl, remains constant. In the analysis of 
iodine by this extraction method either a sufficiently correct estimate 
of the partition coefficient is made and care taken that equilibrium is 
reached, or else the total iodine is removed by repeated extractions. 

The effect of neutral salts on the partition of iodine between carbon 
tetrachloride and water is shown in the following table, as calculated 
from their solubilities (182) at 25°. The partition coefficient is the 


concentration in CCl, divided by the concentration in H.O at 25°. 
Normal solutions of salts are used: 


Normal solutions Partition 

Partition ee. 

cae fi- cient ae 

pe CCl H2O 

ee) WO ccs owe lees 68.9 

a ig a 2 ss caunake woken 52.8 
AE en ee ene oye 127.5 a oR eee cee 46.2 
SE ee ee 123.3 CO EE ee ey 41.3 
aa re eer 118.1 TS i al a aI ea a rer“ 9.22 
ae aes ets neal 114.1 Te a i oe ais ~ 7.98 
ee. wes cecnceeune 89.3 NS See epee erry 7.58 
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According to Jakowkim (183) the molecular weight of iodine in CCl, 
changes with the concentration of iodine so that the partition coefficient 
changes with concentration. At saturation, the partition coefficient is 
the ratio of solubility in the two solvents. The partition coefficient 
between CCl, and pure water, decreases with decreasing concentration 
of iodine. Herz (184) extrapolated it to infinite dilution and obtained 
the value of about 85, although at saturation it was 89.3. It seems 
probable that all the partition coefficients in the above table would be 
decreased slightly with dilution of the iodine. Ignorance of the salt con- 
centration of the water phase would cause an error in the analysis of 
iodine which would be greater the greater the volume of the water phase 
in relation to the CCl, phase. In the presence of much bromide or 
iodide accurate results could evidently not be obtained. If the volume 
of the two phases are equal (assuming saturation with iodine) there 
would be x, as much iodine in the water as in the CClq, in a normal 
solution of NasSO, there would be ; }) and in anormal solution of NH,Cl, 
there would be ;';. If no Br~ or I~ were present and the other salts 
were disregarded and it were assumed that there was x‘) in the water 
phase, the error due to presence of unknown salts would be less than 1 
per cent. In general, it may be stated that chlorides are to be avoided 
since they decrease the extraction by CCl. Their action may be 
antagonized by sulfates and nitrates. 

In the presence of large amounts of salts, the water phase would have 
to be very large to keep them in solution. It is best to remove them. 
This can be done simply by crystallizing them out by evaporation of the 
solution, or by precipitation with alcohol. When alcohol is added 
either two or three phases may be produced. If three phases are pro- 
duced, 1 is the crystallized salt, 2 is the water-and-salt-rich, alcohol- 
poor phase, 3 is the alcohol-rich, water-and-salt-poor phase. With 
small amounts of iodide there should be none in phase 1, but it remains 
to be demonstrated how iodine is distributed between phases 2 and 3. 
If the volume of phase 3 is much larger than phase 2, it is probable that 
phase 3 will contain most of the iodide. The rest of the iodide may be 
removed from phase 2 by repeated extraction with alcohol. Sometimes 
the volume of phase 2 is so small that it merely forms a film over the 
surface of the crystals and sticks them together into a pasty mass which 
cannot be washed easily with alcohol. This may be avoided by Von 
Fellenberg’s method of adding potassium carbonate solution which will 
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go entirely into phase 2 and increase its volume. This results, however, 
in a more voluminous liquid phase to be extracted with the alcohol. 
Another method is to evaporate the solution to complete dryness, 
powder it, and extract it with absolute alcohol, in which case only two 
phases are present (salt crystals and alcoholic solution). Since KI is 
soluble in alcohol to the extent of about 14 per cent, and KCI only very 
slightly soluble, this is a very effective way of separating the iodides 
from other salts. 

In the presence of organic matter, this has to be burned before the 
iodine is completely liberated. Some chemists merely char the material 
but it is well known that iodine is adsorbed by charcoal and, further- 
more, the charcoal may occlude iodine. Inthe manufacture of activated 
charcoal it is found that in order to eliminate organic compounds a white 
heat isnecessary. Since it is not possible to heat up materials to a white 
heat without loss of iodine, the charcoal probably always contains 
organic compounds, which are partly tarry substances and may be com- 
bined with iodine. In the burning or distillation of coal and wood, it is 
well known that a large amount of iodine is found in the soot or tar, and 
in the burning of material for iodine analysis it is necessary to prevent 
iodine from escaping in this way. In the burning of sea-weed for the 
extraction of iodine, at least 33 per cent of the iodine is lost, according 
to Lapique (185), although the sea-weed has a very alkaline ash, con- 
taining about 50 per cent of potassium carbonate. ‘This loss of iodine 
is inhibited by the addition of alkali solution to the material before it is 
ashed or by fusing it with KOH or NaOH. A still better method, 
according to Von Fellenberg, is the use of alcoholic KOH to wet the 
material or digest it before ashing. It seems that sodium ethylate might 
be useful for this purpose. 

When large amounts of organic matter are present, large amounts of 
alkali are necessary in order to prevent loss of iodine and great difficulties 
arise in the complete combustion of all carbon. If the ash fuses at the 
temperature of the combustion it coats-over particles of carbon and thus 
prevents oxygen from reaching them. Two methods to avoid this have 
been used. One is to add sufficient CaCO; to the material so that the 
ash will not fuse. The other is to char and extract the charcoal with 
water, then filter and burn the charcoal separately. But when this is 
done it is found that some organic matter usually passes into the filtrate 
and necessitates the burning of the residue of the water extract, which 
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will fuse and cause the same difficulty again. This has been obviated 
by adding KNQO; to the fusion. This addition is liable to cause small 
explosions with loss of iodine and should be added in milligram portions. 
If the fusion mixture is largerly caustic alkali, it is probable that no 
iodine is lost by the oxidative action of the nitrate, but if the fusion is 
due largely to chlorides or phosphates, it seems probable that iodine 
would be lost in this way. In order to avoid these difficulties the ma- 
terial may be burned in a combustion tube and the burned products led 
through a KOH solution for the absorption of iodine (McClendon, 186). 
In this process there are sometimes particles of smoke formed which are 
not caught by the alkaline solution. These smoke particles are elec- 
trically charged and repel one another so that they are dispersed in the 
entire space in which they are contained, and those in the middle of a 
gas bubble do not get close enough to the solution to be caught. In 
fact it is found that if powdered P-QO; is blown into air that is passed 
through a wash bottle, not all of it is caught in the water. In order to 
catch all the smoke particles a small Cottrel-precipitator was used by 
the author (187). In this case the material from the precipitator and 
the alkaline solution had to be collected and burned again in a tube. 
This completes the principles of the methods that have been used, 
but a few practical hints from recent micro-methods will be given. 
Winkler (188) in the determination of iodine in sea water placed 1 litre 
of sea water in a separatory funnel and added 10 cc. concentrated HC] 
and 5 ee. of 0.01N arsenic trioxide (0.5 ee. of 0.1N sulfurous acid may 
be substituted) to reduce iodate. Fifty cubic centimeters of CCl, and 
5 ec. of 1 per cent NaNO» were added and the funnel shaken. The 
extraction was repeated twice. Each 50 ec. of CCl, extract was received 
in a 100 ec. separatory funnel in succession and extracted with the same 
10 ec. of water containing five drops of 0.1 per cent sulfurous acid. 
Owing to the reducing action of sulfurous acid on the iodine it was all 
changed to iodide, and since iodide is not soluble in CCl, it could all be 
shaken out into the water. This water extract was treated with 5 drops 
of nitrite and 10 drops of 10 per cent H»SO,, and extracted three times 
with 5 ec. portions of CCly. These 5 ce. portions were successively 
extracted in a 10 cc. separatory funnel with 1 ec. of HeO to which two 
drops of sulfurous acid had been added. This water extract was then 
treated with two drops of nitrite and 5 drops of H.SO, and extracted 
with } ec. of CCl,. The iodine now was sufficiently concentrated to be 
colored pink. It was then run into a very small glass stoppered bottle. 
By making up artificial sea-water samples containing known quantities 
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of iodine and treating them in the same way, a series of comparison 
bottles was made for estimating the unknown colorimetrically. In 
this way it was found that seawater contained 0.035 mgm. of iodine per 
litre. This method has been used by the author and it is very satis- 
factory if the sea-water is free from organic matter. Organic matter 
causes foaming in the separatory funnel. The foam may be broken 
with a glass rod or by using a special carrier in the centrifuge to rotate 
the separatory funnel (International Instrument Company), but it is 
difficult to prevent leakage of the stopcock of the separatory funnel in 
the centrifuge, and although the foam is broken, some iodine may be 
held back by the organic matter. 

Technical CC], contains reducing substances which must be removed 
before it is used for extracting iodine quantitatively. This is done by 
adding bromine (or chlorine), letting stand in an ordinary glass vessel 
in a sunny window for a week, washing with NaOH solution and then 
with tap water and distilled water, filtering-out all the water possible 
with ordinary filter paper, filtering through a layer of plaster of Paris to 
remove water that has passed the filter, and distilling. The first part 
of the distillate is cloudy (possibly with water droplets) and is rejected. 
Distillation may be continued so long as a thermometer in the vapor 
does not show a temperature above 76°. 

All reagents should be tested to show that the quantity used in an 
analysis does not contain enough iodine to vitiate the results. Reagents 
may be purified by recrystallization from water or alcohol. 

Neither sea water nor any other material so high in chlorides and low 
in iodide can be conveniently subjected to ordinary methods for com- 
bustion of organic matter without loss of iodine. It was observed (189) 
that iodine was not recovered quantitatively after merely charring 
organic matter. Therefore, the author’s method of combustion in a 
tube has been applied to various classes of materials. The tubes have 
been made of various sizes, but since one end may be left open and 
material fed into it during combustion, tubes of two sizes will suffice. 
Pyrex tubes may be used repeatedly if care be taken against overheating 
and no ash be allowed to fuse with the glass. Fused silica tubes are 
heat-resistant but if ash be allowed to fuse with the silica, thin silica 
tubes crack on cooling or reheating about as easily as pyrex tubes. If 
ash fuses on thick opaque silica the ash may be lost spontaneously by 
chipping off of the surface of the silica, but this makes the tube thinner 
and repetition of the process will finally lead to fracture. If all of the 
glass formed by fusion of the silica with ash is removed with HF solu- 
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tion, the tube will last longer, as the HF removes less silica than would 
otherwise be lost in chipping. Broken tubes may be repaired in the 
oxy-gas flame but it is not worth while repairing them unless the silica 
is free from bases (ash). 

The apparatus consists mainly of a silica tube two feet long and three 
and one-half inches bore with an elbow one foot long and one inch bore. 
The material to be burned is placed on a clean sheet of iron bent to fit 
the tube. A new sheet of iron may be used for each determination. 
Several kilograms of material may be burned by adding portions during 
the combustion. Oils to be analyzed are fed in through a small tube. 
Oxygen from a reducing valve is sprayed by means of a glass nozzle 
into the open end of the tube, care being taken not to blow the ash off 
of the iron sheet. No beat is applied to the outside of the tube so long 
as the material will burn of its own accord after lighting it with a match. 
The elbow passes down into a pyrex absorption flask containing very 
dilute NaOH solution. Two constrictions on the flask prevent spray 
from being carried out of the side-neck that leads to the Cottrell pre- 
cipitator. The main opening of the absorption flask is almost closed by 
the introduction of the elbow, the crack being plugged with moist 
asbestos fibres. 

In order to reduce convection currents the open end of the large 
silica tube is partially closed with a dise of sheet iron having a slit 
in it for the oxygen nozzle. This disc may be removed when adding 
portions of the sample. 

The Cottrell precipitator consists of three lead-glass tubes, 1 inch 
bore and 3 feet long with a one-half inch side-neck near each end. The 
three tubes are connected in parallel by means of these side-necks. The 
tubes are covered with tinfoil and the ends are closed with rubber 
stoppers through the center of each of which runs a fine nichrome wire. 
One of the secondary terminals of a Ford spark coil is connected to the 
nichrome wires and the other to the tinfoil coverings. The side-necks 
of one end of the precipitator are connected with the absorption flask 
and those of the other end with a rotary suction pump. ‘The more 
rapid the suction is the hotter the fire will be and the less the danger of 
soot or tar production, but it should be slow enough to permit complete 
precipitation of the smoke. It is, therefore, adjusted to the maximum 
speed permitting complete precipitation and the quantity of material 
added at one time is made small enough so that no soot or tar is formed. 

The ash, NaOH solution, nichrome wires and rinsings of the apparatus 
are collected, evaporated to dryness and burned in a smaller tube, 2 
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inches bore, 1 foot long, and with elbow 3 inch bore and 8 inches long. 
A smaller absorption flask is made to fit it and no precipitator is used. 
A filter pump will furnish enough suction. The combustion is performed 
in the same way, except that external heat must be supplied from the 
start and greater care taken that the oxygen does not blow the ash away. 
The oxygen nozzle may be expanded to equal the diameter of the tube. 
A multiple Bunsen burner or large fish-tail burner, may be used with 
the air cut down until the flame begins to be luminous. Care should be 
taken that no soot from the flame is sucked into the tube. 

Some method should be used for reduction of the salt content of the 
combined ash and NaOH solution. In case the bulk of the material is 
large it is advisable to extract it with alcohol. A ball-mill is useful for 
this purpose. The extract (or mother liquor) containing the iodine is 
evaporated to dryness and gently heated to verify the complete com- 
bustion of the organic matter. It is dissolved in 5 ec. H:O, 1 drop of 
0.1N sulfurous acid added and the solution neutralized with phosphoric 
acid (using test paper made by drying an alcoholic solution of brom- 
phenol-blue or methyl orange on acid-washed filter paper) and allowed 
to stand 2 minutes. Most of the CO, and SO, is boiled off and the 
solution cooled. If a precipitate forms, filter. The volume is made up 
to 10 cc. in a 12 ce. separatory funnel. One ce. of purified CCl, and 
about 5 mgm. of NaNO, are added and the separatory shaken 2 
minutes. The CCl,is run into a1 cc. glass stoppered bottle and centri- 
fuged to remove water droplets. The CCl is run into the left hand 
cup of a micro-colorimeter of Duboseq type (Bausch and Lomb) and 
set at 20 mm. In the right hand cup is placed CCl, containing 0.1 
mgm. of iodine perce. After a color match is made, the reading of the 
standard in mm. divided by 200 will give the milligram iodine in the CCl. 
Since 10 parts remained in the aqueous phase and 85 parts were in the 
CCl, the latter contains §2 of the total. By multiplying the milligrams 
in the CC1, by 1.118, the total milligrams may be calculated. 

Space does not permit us to describe any exact details of procedure 
but this method is adapted for large samples low in iodine. In the 
case of drinking water, 100 liters are evaporated down and filtered when 
the volume of about 1 liter is reached. Further filtration should not 
be performed until the organic matter is burned. It is evaporated to 
dryness and burned in the small tube. Fusion with alkali would be 
simpler but usually the residue, when it is evaporated to dryness, is 
rather bulky, and fusion with alkali is attended with difficulties, so that 
it is better to burn it in the small tube. 
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Cereals have so little iodine in them that several kilograms may be 
required, but they burn very easily in the large tube by the addition of 
small amounts at a time during the combustion. 

Oil volatilizes so rapidly that complete combustion cannot be obtained 
unless it is sprayed in through a fine opening during the combustion. 

Soils may be burned in the small tube and extracted with HCl con- 
taining sulfurous acid. The soluble iodide may be determined in this 
extract. The insoluble portion should be ground to a powder and fused 
with NaOH in order to dissolve the silicates. 

In burning any material containing phosphates such as dried urine, 
which will fuse and occlude carbon particles, this fusion may be pre- 
vented by mixing with CaCO; before burning in the tube. Sometimes 
the iodine in CCl, is contaminated with bromine or some other yellow 
substance so that a colorimetric reading can not be made. In this case 
it is usually possible to remove the extraneous coloring matter by placing 
the CCl, in a small separatory funnel, adding 1 cc. of water, plus 0.01 ce. 
of 0.1N sulfurous acid, shaking two minutes, draining out the CCl, 
adding 1 cc. of fresh CCl, and 0.01 cc. of nitrosyl-sulfurie acid, 
OH-SO.-ONO and shaking 2 minutes. In this case it should be remem- 
bered that ,); of the iodine remains in the water. 

Von Fellenberg (190), in order to avoid combustion in a tube, reduces 
the size of his colorimeter and uses so small a sample that it may be 
burned in an open crucible with alkali. He evaporates the water sample 
to dryness, adds KOH solution and evaporates again, then burns in an 
iron or platinum dish, moistens it with a few drops of concentrated 
potassium carbonate solution and grinds with 95 per cent alcohol with 
an agate pestle, decants the alcohol, then repeats the process by rubbing 
with a few cubic centimeters of alcohol 4 times. The combined alcohol 
is diluted with water plus 3 drops of potassium carbonate solution and 
evaporated in a platinum dish on the water bath. The residue is ignited 
gently, moistened with potassium carbonate solution, extracted with 
alcohol, and evaporated again and heated until the bottom glows for an 
instant only and the flame is withdrawn. Three-tenths cubic centimeter 
of water is added and the water extract is run into a narrow glass tube, 
5 mm. bore and 8 mm. high. The water remaining in the dish is de- 
termined by weighing and account taken of the iodine lost in this way; 
0.01 ce. of chloroform is added and a drop of a solution of about 50 mgm. 
of NaNO, in 10 ec. of 3N H.SO, is added, is then shaken one-hundred 
times and placed in the centrifuge and compared with tubes of the same 
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bore in which known quantities of KI have been analyzed in the same 
way. The unknown tube is matched with a known tube by means of a 
magnifying glass. 

For iodized salt, 100 grams are dissolved in 300 ce. of water plus alittle 
bisulphite, and acidified with HCl, then made alkaline to phenolphthal- 
ein and evaporated until considerable salt has crystallized out. Twenty 
cubic centimeters of concentrated potassium carbonate solution are 
added and 50 ec. of alcohol, and the mass shaken. The upper layer is 
removed and the process repeated three times. The combined alcohol 
extracts are evaporated after addition of $ cc. of potassium carbonate 
solution until the salt begins to crystallize and extracted three times 
with a few cubic centimeters of aleohol. The alcohol extract is placed 
in a platinum dish, water added and evaporated after adding 10 drops 
of potassium carbonate solution. The residue is ground with a few 
cubic centimeters of alcohol and a few drops of potassium carbonate 
solution. The alcohol is evaporated after adding two drops of potas- 
sium carbonate solution, gently ignited and analyzed as described above. 

Soils and rock are extracted with HCl. Two grams of HCl-soluble 
material are used for analysis. A one to one solution containing 2 grams 
of sulfite per liter of HCl is added in small portions until CO, ceases to 
be evolved, foaming is controlled with a drop of ether. The solution is 
diluted and centrifuged, made alkaline to phenolphthalein, and 5 ce. of 
potassium carbonate solution are added. It is evaporated until crystals 
form, 40 ec. of aleohol added, and the upper layer removed. This is 
repeated three times and the combined alcohol extracts are evaporated 
and analyzed as described above. 

Two grams of the HCl-insoluble portion and 6 grams of KOH and a 
little water are heated in an open iron dish, carefully fused and cooled, 
afew cubic centimeters of water are added and carefully heated until the 
whole mass has absorbed the water and the whole is thrown into a ves- 
sel with water, and the dish washed out repeatedly with water. HCl 
(containing sulfurous acid) is used to neutralize this, with phenolphthal- 
ein as indicator. 

With plant and animal material the iodine content must be known in 
a general way in order to choose the size of the sample (from 10 to 50 
grams of dry substance). To this is added 25 per cent of its weight of 
KOH. Alcoholic KOH penetrates better and saponifies the fats, thus 
preventing loss of iodine in the volatilization of organic materials. The 
material is burned to a char, extracted three times with water, and 
filtered. The char is burned again, the water extract added and evapo- 
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rated and gently ignited, and is ready to analyze as described above. 
Urine may be diluted with ;') of its volume of concentrated potassium 
carbonate solution, evaporated and ignited. 

The extraction of ash with alcohol, as performed by Von Fellenberg, 
is very laborious and it seems unnecessary to apply it to iodized salt. 
The iodide may be extracted from the dry salt with absolute alcohol. 
Winkler (191) extracts iodized salt with alcohol. 

Kendall (192) has had a great deal of experience with the titration 
method for the determination of iodine where relatively small samples 
of animal tissue are necessary. About 4 gram of the dried material 
(thyroid) is fused in a nickel crucible with 10 grams of NaOH after 
thoroughly wetting the material with a few drops of NaOH solution. A 
little lactose is added to prevent spattering. The fusion is carried out 
in a crucible furnace to prevent overheating. Oxidation is completed 
by adding KNOs, 5 mgm. at a time until no more bubbles appear on 
addition. The fused mass is poured out and the crucible cooled, and 
dissolved in 200 ce. of water: 3 ec. of 20 per cent NaHSO; and 2 drops 
of methyl orange added, and neutralized with phosphoric acid, after 
which 5 ec. of 20 per cent phosphoric acid and a lump of hard coal are 
added, volume made up to 250 cc. and boiled 10 minutes or longer 
until the volume is 200 ce. It is cooled and bromine added until it is 
yellow, boiled until colorless, and 5 minutes longer. This oxidizes the 
iodide to iodate. The coal is removed and a few crystals of salicylic 
acid added to destroy traces of bromine. The solution is cooled and 5 
ec. of 20 per cent phosphoric acid that has been boiled with aluminum 
strips added; 1 gram of KI is added and it is titrated with 0.005 N 
thiosulfate. 


CONCLUSIONS 


Extensive data are given to show that iodine is of very wide distribu- 
tion as minute traces and is more or less concentrated by the leaves of 
plants and the thyroid glands of animals. Goiter is due to a deficiency 
ofiodine. Since the clinical literature cannot be reviewed, the following 
conclusions from the latest paper by Kimball (193) are quoted: 


Every survey or study only emphasizes the importance of prevention during 
pregnancy. The relation of these congenital defects to the adenomatous or 
tumor conditions of later life is being appreciated more and more with each 
careful study. Also we all know the disappointments in our attempts to control 
or treat these tumorous thyroids. Therefore, we cannot stress this point too 
strongly and in endemic goiter districts we need the attention of the physicians 
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who educate and direct women through this important period, and of every 
prospective mother. It is during pregnancy that the general use of iodized salt 
will be of greatest value and should be used in every case unless otherwise directed 
by a physician. 

The history of this problem for the past century teaches most emphatically 
that the treatment of goiter is very unsatisfactory and accomplishes very little 
toward the control of the disease, but those attacking the problem from the view- 
point of preventive medicine—physiologists, biochemists and public health 
authorities—have accumulated sufficient evidence to justify the assertion that 
endemic goiter is the easiest known disease to prevent. By further detailed study 
of the fundamental principles underlying the cause and prevention and with the 
constant application of scientific data by the state health organizations, we 
should see the fulfillment of our earlier prediction: Within another generation 
there will be no endemic goiter problem. 
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THE QUESTION OF CARDIAC TONUS 


WALTER J. MEEK 


University of Wisconsin 


The volume of literature on most scientific subjects is inversely 
proportional to the facts known. This is a healthy condition for it 
shows many are attempting to clear the field. Cardiac tonus, however, 
offers an exception to our general rule, for aside from the earlier papers 
having to do with the tortoise auricle, very few have appeared in recent 
years dealing with this subject alone. Most of the references and 
experiments having to do with the tonus of cardiac musculature have 
been buried in articles often bearing titles but little suggestive of the 
task at hand. 

Few things can probably be more rash than the review of a subject, 
the very definition of which is a matter of question. The tonus of 
skeletal muscle has been defined by Cobb (19) as “‘ That state of constant 
muscular tension which underlies and makes possible all orderly mo- 
tion.”’ Evans (21) says ‘‘The tonus of muscle may be defined as a 
resistance of its substance to extension.”’ This is similar to Henderson’s 
statement (44) that tonus is “ The degree of resistance to deformation. ”’ 
Patterson, Piper and Starling (66), believing that diastolic ventricular 
tension changed but little or not at all with moderate increases of inflow, 
have given up the conventional ideas of tonus entirely and have defined 
cardiac tonus as the “ physiological condition or fitness of the muscle fiber, 
and its measure is the energy set free per unit length of muscle fiber.” 
Bordet (9) takes the same point of view as Starling believing that the 
power of opposing dilatation is not in diastole but in systole. He 
would replace tonus with the term “energy of contraction.”’ Wiggers 
(87) looks upon tonus as “‘A sort of a sustained partial contraction of 
muscle tissue by virtue of which the muscle fibers resist stretching more 
than they would by virtue of the inherent elasticity alone.” 

It is evident from these definitions that the word tonus has at times 
included in its meaning such diverse things as the elastic properties of 
muscle, the physiological fitness of its fibers, and a sustained degree of 
contractile activity. The word has, however, been used still more 
loosely. To many physiologists and the majority of clinicians any form 
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of cardiac dilatation is an example of low tonus, and conversely if the 
diastolic size is reduced, the tonus is said to be correspondingly high. 
Such a conception is of course neither accurate nor clear, for it ignores 
the facts that the diastolic size of the heart may be determined by the 
pressure and amount of blood entering from the veins, and that dilata- 
tion may be a physiological compensating mechanism. The word 
tonus has been used frequently enough, but seldom can it be clearly seen 
with just what limitations, and phenomena of very different biological 
values have often been designated with its name. It is small wonder 
then that some writers urge abandoning the word tonus and substituting 
such harmless phrases as ‘‘extensibility,’’ “power of relaxation,’ or 
“changed condition of the course of contraction”’ until our ideas on the 
subject become clarified. 

In order to discuss cardiac tonus it is necessary however to formulate 
some kind of a conception of the meaning of the term, even if this be 
arbitrary and incomplete. The word tonus in physiology has come to 
mean continuous activity of a slight degree. For our purpose we shall 
say that cardiac tonus is a sustained partial contraction, independent 
of the systolic contractions, by virtue of which the muscle fibers resist 
distention during diastole more than they would because of their mere 
physical properties. This is practically Wiggers’ definition with the ad- 
dition of a phase to exclude phenomena dependent on the course of the 
rhythmical contractions. To say that tonus is the resistance of the 
heart muscle to stretching in diastole, as many writers have done, is 
entirely too comprehensive for it would include such diverse things as 
sustained diastolic contraction, contraction remainders, contractures 
and the inherent elasticity of the muscle. The purpose of this review is 
not to pass on the exact nature of tonus but to examine the evidence 
whether or not an active tonus exists that can be modified to meet vary- 
ing physiological conditions. 

The demonstration by Brondgeest of skeletal muscle tonus dependent 
on nerve connections, together with the undoubted tonicity of the 
smooth muscle in the vascular system to which the heart musculature is 
closely related, led the early workers to accept the idea of cardiac tonus 
without much question. Even Gaskell (33) quite aware of the diff- 
culties in the situation still included tonus in the sense of a sustained 
contraction during diastole as one of the fundamental properties of 
cardiac muscle and believed it to be under nervous control. Studies on 
the auricle of the cold-blooded forms quite confirmed these views. In 
recent years, however, physiological authorities have been much more 
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conservative in their statements regarding the existence of cardiac tonus 
and the majority certainly would at least agree with Wiggers (87) when 
he says that convincing experimental evidence has not yet been pre- 
sented that tonus of the mammalian ventricle is capable of changing 
under conditions that may be considered physiological. 

What function could ventricular tonus have, is a question well worth 
asking. In skeletal muscle it is apparent that tonus is a mechanism by 
which the contraction may be made more prompt and precise and by 
which posture may be maintained. There is nothing quite comparable 
to this in the beat of the heart. Tonus means a certain resistance to be 
overcome during each diastole, at first sight clearly wasted effort. 
There are two or three possible advantages, however. The clinicians 
have always believed that a certain degree of contraction was necessary 
during diastole to prevent any incompetence at the valvular orifices. 
In the case of lesions, low tonicity might transform a small mitral leak 
into a large one, and high tonicity might greatly improve the condition. 
If we assume that the systolic discharge is related to tension, a contro- 
versial point in cardiodynamics for which however there is much evi- 
dence, tonus may of course function in determining the initial 
intraventricular pressure. In the third place, tonus might protect 
against too great dilatation and any resulting injury. 

There may be said to be two absolute tests for the existence of cardiac 
tonus. The first of these is a spontaneous change in the extent of 
diastolic relaxation where all other factors are held constant. The 
second is the necessity of varying some physiological condition which 
does not involve a change in the contour of the rhythmical contraction, 
in order to secure the preceding degree of relaxation. The physiological 
factors which must be held constant, or one of which may be varied 
within normal limits, are temperature, CO» and O, content, the influence 
of nerves, the distending pressures, and the chemical composition of the 
nutrient media. Changes in relaxation may be due to indirect influences 
which come from variations in rate, the extent of contraction, the dura- 
tion of the phases of the cardiac cycle, particularly the diastole, and 
these must be carefully excluded. The difficulty of controlling many 
of these factors in a quiescent tissue is great enough but the difficulties 
are multiplied when we deal with an automatic rhythmical organ such 
as the heart. It is for this reason that the literature is full of references 
to variations in diastolic length of the ventricle, few of which can be 
unquestionably related to tonus. 


In practical experimental studies of tonus one must depend on curves 
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by suspension methods, volume curves from plethysmographs, and intra- 
auricular and intraventricular pressure curves from the various types 
of manometers. If tonus be looked upon as resistance to distention then 
it should vary directly as the volume-elasticity coefficient of the relaxed 
heart (Wiggers) ,.that is, the ratio of the pressure increase to the volume 
increase. If the heart were distended by equal increments of pressure 
and the volumes determined for each increment, then pressure might be 
plotted against volume and a curve obtained which could be called a 
tonus curve. If the procedure were repeated after varying some factor, 
say vagal stimulation, a comparison of the two curves would readily 
indicate any change in tonus. A given pressure would cause a greater 
volume change when tonus was low. It is evident from this reasoning 
that dilatation would not be evidence of a change in tonus unless the 
pressure-volume ratio were abnormal. 

Tonus of the cold-blooded auricle. In the year 1887 (23) Fano dis- 
covered and described tonus waves in the atrial musculature of the 
tortoise Emys europaea. The fundamental contractions, the rhyth- 
mical systoles, were often superimposed on other slow spontaneous 
contractions of a much slower tempo, the tone waves. The two types 
of waves were found to vary independently of each other, a rise of tem- 
perature for example increasing the former and abolishing the latter. 
Tone waves appeared in the tips of the auricles in which no ganglia were 
found. Fano believed that the tone waves were nyogenic in origin and 
that there were probably two kinds of muscular elements in the atria. 
The waves were seldom seen in the ventricle. 

In succeeding papers Fano and his associates (24, 25, 26) presented 
many more interesting characteristics of these auricular tonus waves. 
Stimulation of the vagus never inhibited them, but left them either 
uninfluenced or often increased. Muscarin was found to be a stimulant 
and atropin, nicotine and veratrine depressants. On Schmiedeberg’s 
assumption that digitalis affected the elastic rather than the contractile 
properties of muscle, Fano and Sciolla (24) studied the action of this 
drug on the tonus waves. It was found to abolish them along with the 
regular contractions although at the same time it greatly increased the 
general tone level. From this it was argued that the functional oscil- 
lations of tonus had to do with the property of contractility and not 
elasticity. The question of electrical variations during the tonus waves 
was investigated by Fano and Fayod (25) who found by means of the 
capillary electrometer that the auricle gave an electrical tonus in which 
the same oscillations could be observed as in functional tonus. The 
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oscillations could be provoked by vagus stimulation. Reasoning from 
the Gaskell (33) phenomenon of increased postivity during vagal action, 
Fano and Fayod felt that the tonus oscillations indicated periodic aug- 
mentation of the nutritive processes. 

Studies on auricular tonus, particularly in the Batrachian heart, 
were continued by Bottazzi. He believed that the tonus oscillations 
were independent of any abnormal stimulus and probably existed 
normally in the living animal, though less evident in the amphibia than 
in the tortoise. That they were myogenic in origin seemed to follow 
from the inhibitory effect of potassium hydroxide solutions and chloro- 
form, both of which are muscle tissue poisons. Impressed with the slow 
rhythmic nature of the contractions which reminded him of pseudopoidal 
movements in the amoeba, and their occurrence only in cells rich in 
cytoplasm, Bottazzi (10) presented his well-known sarcoplasmic theory 
of tonic muscular contraction. According to this the tonus oscillations 
are simply independent contractions and expansions of the sarcoplasm 
which supports the anisotropic substance in its quicker contraction. 

Gaskell (35) criticized the sarcoplasmic theory at once since he had 
never observed tonus oscillations in the land tortoise and they are absent 
except very rarely in the ventricle. Although Cobb (19) justly remarks 
that there has never been any real proof anatomically or physiologically 
that sarcoplasm is contractile, and although the original observations 
are now believed to apply to smooth muscle only, as will be detailed in a 
moment, yet the idea either in its original form or the later one 
of physico-chemical changes in the cytoplasm which delay relaxation, 
has been widely accepted, as may be seen from such recent writers as 
Hunt (51) and Riesser (72). 

Bottazzi fully realized that to interpret a phenomenon as tonus one 
must be on his guard that there has not been merely a change in the 
course of the fundamental contractions. He therefore studied with 
great care the influence of various factors, particularly nervous ones, on 
the tone waves (11,15) to make absolutely sure he was dealing with 
primary and not secondary effects. By carefully grading his stimuli he 
found that he could by vagal stimulation secure an increase in tonus, a 
positive tonotropic effect, before any negative chronotropic or inotropic 
effects on the normal contractions appeared. On stimulating the accel- 
erators he secured a decrease in tonus, negative tonotropic effect, before 
the positive chronotropic and inotropic effects on the regular contrac- 
tions appeared. Thus the nervous control of the auricular tonus oscil- 
lations was elucidated and a further proof offered that the phenomenon 
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depended on some other structure than that concerned with the funda- 
mental systolic contractions. 

The similarity between auricular tone changes and the contractions 
of smooth muscle was studied by Bottazzi and Griinbaum (12). They 
found the two tissues are much alike in their responses to temperature 
and various drugs, and this they regarded as confirmation of the sar- 
coplasmic theory since both muscles were rich in that material. 

The next chapter in the story of auricular tonus was Rosenzweig’s 
(74) discovery of a sheath of smooth muscle cells underneath the endo- 
cardium of Emys europaea. This work was confirmed by Bottazzi 
(14, 16) and Bottazzi and Ganfini (13) and from this time the auricular 
tonus waves of the cold-blooded forms have been generally referred to 
this tissue. Laurens (57) also investigated this subject, finding smooth 
muscle much as Rosenzweig and Bottazzi had described it. In addition 
Laurens made the interesting observation that Lacerta viridis, a lizard 
in which neither he nor Bottazzi could ever see tone waves, was devoid 
of smooth muscle in its auricles. Recently Shaner (78) has made a his- 
ological study of the occurrence of smooth muscle in the turtle’s heart. 
He finds that the tissue can be traced from the sinus through the atria 
into the ventricle and even out into the conus and great arteries. The 
layer is thin and interrupted in the sinus but in the atria the coat is far 
heavier. In the ventricle it breaks up into strands and penetrates the 
deepest recesses. The evidence then seems to indicate that there is 
quite enough smooth muscle present to account for tone waves in the 
auricle of certain cold-blooded forms, but too little of the tissue to allow 
them to occur in the ventricle. It would also seem a fair conclusion 
that the striated cardiac musculature could not produce tonus waves. 
It is to be noted that the sarcoplasmic theory has had removed from 
its realm the very tissue on which it was supposed to be founded. 

Interest in the tonus waves did not cease however with these ana- 
tomical discoveries. Oinuma (65) in 1910 again covered the field 
confirming Fano and Bottazzi on all major points particularly in regard 
to nervous control which had been questioned by Rosenzweig. In 
recent papers Gruber (39, 40, 41, 42, 43) has studied the action of a 
number of drugs on tonus waves in the terrapin. The results for the 
mnost part were what one would expect if the action were on smooth 
muscle. Adrenalin caused the waves to disappear while KCl, nicotine, 
digitalis and BaCl, increased them. Adrenalin and KCl were shown 
to be antagonistic. In his studies on the tortoise auricle Porter (70) 
found that the tonus contractions could be superposed and built into 
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tonus tetanus. This:led him to the hypothesis that tetanus was essen- 
tially the same in smooth, cardiac and skeletal muscle, a fusion of toni¢ 
contractions. Pereira (68) found, contrary to Fano, that warming the 
perfusate augmented the tonus waves. Gesell (38) has made an inter- 
esting use of the tonus oscillations in the tortoise auricle to study the 
effect of length of fiber and initial tension on cardiac function. By 
taking advantage of the tonus waves and allowing the auricles to con- 
tract isotonically or isometrically it was possible to vary the length of 
fiber with initial tension constant or to vary initial tension with length 
of fiber constant. 

More recently Snyder and Andrus (79) have sought to identify the 
tissue responsible for tonus in the terrapin heart by means of chemical 
stimulation. They were able to elicit tone changes by perfusates having 
appropriate H-ion concentrations. If these were due to contraction of 
the smooth muscle, they argued that smooth muscle poisons such as 
papaverin and benzaldehyde should not only depress tonus waves in 
the auricle but should also abolish the stimulating effect of the appro- 
priate pH solution. This was found to be the case. 

The evidence that tonus waves in the cold-blooded heart are due not 
to the striated cardiac muscle but to the smooth muscle sheath is thus 
fairly conclusive. Whatever the tissue that may be responsible for 
them, they remain, however, auricular tonus waves and they must bear 
some relation to the circulation. Only a few suggestions have been 
made as to their possible physiological functions. Fano thought that 
by decreasing the width of the auricle they might have something to do 
with directing the greater and lesser circulations in the ventricle, al- 
though the exact mechanism was never very clearly expressed. Bot- 
tazzi believed that the tonus waves in some way supported the auricular 
contractions and allowed more complete contractions much as after- 
weighting does for skeletal muscle. It may be objected that it is difficult 
to see just how the cardiac muscle could be equally well supported in 
both phases of a tonus wave. Since tonus waves occur most often in 
those conditions which have a weakening effect on the systolic contrac- 
tions, such as vagal effects, cold, and hemorrhage, Oinuma suggested 
that they might be related to ventricular discharge. Tonically con- 
tracted auricles would have a reduced volume and the ventricle would 
therefore receive less blood at each auricular systole. In certain condi- 
tions this might be of advantage to the organism. For example, during 
the period of winter sleep the increase of the tonus waves due to the 


cold might spare the ventricle and adapt its output to the lowered needs 
of the body. 
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Tonus waves in the ventricle. ‘Tonus waves in the ventricle of the cold 
blooded heart are rarely seen. Fano (23) saw them only three times 
in over 100 experiments and any one who has repeatedly produced heart 
block with an Engelmann clamp knows their rarity. Howell on the 
contrary in his textbook states that strips from the terrapin’s ventricle 
do often vary in length with differences in conditions and not infre- 
quently these changes take on a rhythmical character. 

In the mammalian heart spontaneous changes in diastolic length of 
fiber are seldom seen if the temperature and composition of the perfu- 
sate are well controlled. A few workers have however reported tonus 
waves in these forms. Although Busquet and Tiffeneau (18) and 
Stefani (84) have seen such oscillations in the isolated rabbit’s heart, 
the phenomenon was usually fleeting and only occasional in occurrence. 
The authors suggested an explanation based on variations in conductiv- 
ity. After drugs a few investigators have also described rhythmical 
oscillations of tonus. Kuliabko (59) reported such tracings after 
perfusing rabbits’ hearts with small amounts of veratrine. 

The effect of the cardiac nerves on ventricular tonus. The fact that the 
ventricles do not ordinarily show spontaneous tone variations similar 
to the tortoise auricle of course does not exclude a certain degree of sus- 
tained contraction throughout diastole. As a matter of fact as soon as 
the marked dilatation resulting from strong vagal stimulation was 
noted, physiologists interpreted it as a decrease in normal cardiac tonus. 
Among those who have held this view are such illustrious names as 
Coats, Heidenhain, Gaskell, Stefani and Francois-Franck. Even today 
the same idea often reappears, and almost every type of dilatation is 
felt to indicate a loss in tonus. It is mainly to the work of Otto Frank, 
and Hofmann, that we must turn for a finished treatment of this sub- 
ject. Although their papers are now many years old the essential points 
are worthy of detail. 

Frank (28, 29) derived his laws of cardiodynamics from experiments 
on the frog’s heart in which he could at will record either isometric or 
isotonic contractions. By varying the degree of cardiac filling and plot- 
ting the systolic and diastolic pressures against the volume, Frank 
obtained two sets of two curves each, one the extension curves of the 
isotonic maxima and minima and the other the extension curves of the 
isometric maxima and minima. The extension curve of the isometric 
minima through part of its course runs at a lower level than the isotonic 
minima, which is due to the fact that in an isometric contraction the 
relaxation of the heart takes place more rapidly than it does in an 
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isotonic. This observation on the different degrees of relaxation in the 
two types of contraction at once emphasizes the difficulty in proposing 
a consistent definition for the word tonus. The effect of vagus stimu- 
lation on the diastolic curves is the point of greatest interest here. The 
extension curve of the isometric minima was in general unchanged, and 
since relaxation in the isometric contractions is rapid and complete this 
extension curve may be regarded as that of the resting heart. For 
isotonic contractions the extension minima was lowered by vagus 
stimulation only for those pressures at which the diastolic portion o: the 
contraction curves had not yet approached the horizontal, that is, the 
heart was still relaxing. Even in these cases the extension minima was 
never lowered below the isometric minima. Frank’s work on this 
particular subject may be summarized in a word by saying that vagal 
stimulation does not result in any change in the extension curve of the 
resting heart. 

From his experiments on the isolated frog’s heart with suspension 
methods Hofmann (48) came to conclusions much the same as those 
just detailed. In testing for a possible vagal effect on tonus he noted 
that two indirect effects must be guarded against. The first of these 
was observed by Gaskell. Since the ventricle relaxes slowly the bottom 
of the curves will vary in position with the heart rate. If the rate is 
fast there will not be sufficient time for relaxation and the base line will 
be high. If the rate is slow relaxation will be more complete and the 
base line will be lowered. The vagus must then not be credited with a 
result due entirely to changes in rate. The second indirect effect de- 
pends on changes induced in the course of the contraction curves them- 
selves by vagal stimulation. In the amphibian heart an inotropic effect 
even without a change in rate is accompanied by a shorter systole, an 
earlier diastole, and hence a shortening of the whole course of contrac- 
tion. The result of this is that although the rate may remain or be held 
constant by artificial stimuli, yet the interval between successive systoles 
during vagal stimulation is lengthened and more time thereby given for 
relaxation. In this way the vagus may seem to lower tonus without, 
however, having anything to do with the reduction of a constant sus- 
tained contraction such as we assume tonus to be. Hofmann justified 
his conclusions by many direct experiments. In the resting auricle 
although a positive variation appears during vagal stimulation, as Gaskell 
has shown, he was never able to see the slightest change inform. Ifa 
heart were made to beat every 3 seconds by artificial stimuli, vagal 
stimulation brought on a considerable lowering of the diastolic base 











268 WALTER J. MEEK 


line; with stimuli every 10 seconds the vagal effect was noticeably less; 
when the stimuli were given every 15 seconds the vagal effect disap- 
peared. He alsosecured many curves showing only a negative inotropic 
effect but with this there was the shortening of the contraction cycles, 
the longer interval between, and the resulting relaxation. 

As already mentioned Gaskell was well aware of the effect of rate on 
the degree of diastolic relaxation, but he overlooked the earlier ap- 
pearance of diastole and the shortening of the cycle which comes with 
vagal stimulation. For this reason he felt that a lowering of the diastolie 
base line without a change in rate was sufficient evidence of tonus. If 
his figure 25a on plate 70 (36) be examined the greater speed of relaxa- 
tion and the longer intervals may be noted, although rate was un- 
changed. Loss of tonus was here again a secondary effect and not a 
primary one. 

Recently Bohnenkamp (8) has analyzed the effects of vagal and ac- 
celerator stimulation of the contraction curves of the frog’s ventricle. 
He confirms the older workers by finding an earlier and more abrupt 
diastole and a shortened systole. There may be a hastening of relaxa- 
tion even before any inotropic effect is noted. This observation is 
important for it shows that an increased period for relaxation may 
appear between beats even before rate or height of contraction are 
affected. In such cases the consequent descent of the diastolic level in 
the curves could of course not be used as an argument for tonus. 

There is practically no literature on the effect of the vagus on the tonus 
of the mammalian ventricle. Although stimulation of the vagus is 
known to diminish the strength of auricular contraction in the mam- 
malian auricle (20) any conclusive evidence of its effect on the ventricle 
is lacking. It is true that certain changes appear in the ventricular 
volume curves, for example, a lengthening of the systolic phase (89), 
but such variations are usually assigned to the variations in diastolic 
filling and the resulting initial volumes and tensions, rather than to 
direct vagal influences. Whether or not the vagus exerts any effect on 
the ventricle is an old physiological controversy but since the work of 
Cullis and Tribe (20) the idea has been rather generally abandoned. 
It will be remembered that these workers found that after section of the 
A-V bundle, pilocarpine and muscarine no longer had any influence on 
the ventricle, although the auricular effects were stillevident. Recently 
Fredericq (30, 31) has shown a reduction in the chronaxie of the cold 
blooded and mammalian ventricle following vagal stimulation. This 
increase in the spread of excitation he believes to be due to a direct 
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action of the vagus on the myocardium. Fredericq has made no men- 
tion of any tonic effects. 

Stimulation of the accelerators has also given little evidence of tonus 
either in the cold-blooded or mammalian heart. Frank (29) could not 
find that excitation of these nerves caused any change in the extension 
curves of either the isotonic or isometric minima. He therefore dis- 
missed the subject with only aword. Since the duration of contraction 
is lengthened in the frog’s ventricle by stimulation of the sympathetiecs 
(Bohnenkamp) a decrease in the extent of relaxation might be expected 
with the usual interpretation of a change in tonus. The literature does 
not seem, however, to record such experiments. In the mammalian 
heart it was shown by the early workers that the accelerators shortened 
systole but it was not clear whether or not the action was directly on 
the ventricle. The experiments which showed changes in intraventric- 
ular pressure are now known to be due to secondary causes. Hender- 
son and Barringer (45) maintained that no augmentor effects could be 
obtained unless the arterial pressure was low and the musculature in a 
condition of diminished vigor. Even then they felt the influence of the 
nerves was of little consequence. Wiggers and Katz (90) and Katz (53) 

-have investigated this point and by using systole-cycle ratios to eliminate 
the effect of rate itself have come to the conclusion that the accelerators 
do have a specific effect on the ventricular musculature which reduces 
the contraction period. Important as these results may be they throw 
very little light on the tonus problem. 

There are a few experiments among the older workers that have been 
felt to have possible significance even in the face of the negative results 
related. Gaskell (36) presents a volume curve from a frog’s ventricle 
in Roy’s tonometer in which on vagal stimulation there is a drop in the 
diastolic level without a change in rate. It was this experiment that 
led him to assign the property of tonicity to the amphibian ventricle. 
The speed of the drum is not fast enough to analyze each contraction. 
In the light of our present knowledge it is probable that the diastolic 
extension was due to the earlier appearance of diastole in each cycle 
which would give extra time for a more complete relaxation. Francois- 
Franck (27) found by applying a lever to the heart wall that on vagal 
stimulation there was evidence of softening of the muscle. It is quite 
doubtful if such a method is adequate to indicate a change in tonus. 

From the above discussion it may be concluded that no satisfactory 
evidence exists that the cardiac nerves control any property of the 
ventricular muscle that is comparable to tonus within the sense of our 
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definition. The variations in relaxation which occur may all be ex- 
plained by changes in the course of the contraction itself and careful 
analysis of all the experiments so far reported not only removes the need, 
but actually excludes the possibility of a sustained contraction controlled 
by nervous influences. 

Attempts to locate supraventricular tone centers. With the failure of all 
attempts to show that there is any kind of a permanent diastolic con- 
traction under extrinsic cardiac nerve control, a number of authors have 
recently devoted themselves to the proposition that there is a ventricular 
tonus under the control of supraventricular tonus centers. The work 
has necessarily been carried out on cold-blooded hearts. 

In 1917 Pietrkowski (69) inflated the auricles of a frog by injecting 
air into them with a syringe until they were well distended. He then 
noted that under these conditions the ventricle went into a state of tonic 
contraction much as the frog’s heart does when digitalized. Stretching 
the auricles actually sensitized the ventricles for succeeding doses of 
digitalis, BaCl., CaCl. and methyl violet, and in this he thought he 
saw something similar to the sensitivity which clinical cases exhibit to 
digitalis. Pietrkowski interpreted his results to mean that the auricle 
possessed some kind of a tonus center which was connected to the 
ventricle by muscular pathways. In this way the tonus condition of the 
ventricle could be modified. 

Two years later Loewe (58) made similar observations, finding that 
ventricular tonus could be increased on distending the auricles with 
normal salt solution quite as well as with air. On studying ventricular 
strips he noted that while they lived many hours even without oxygen 
and responded normally to many drugs they were abnormal in two 
respects; their tonus relations and their reactions to members of the 
digitalis group. There was never any indication of tonus changes in 
the strips and digitalis was entirely without effect. On the other hand 
a strip of digitalized auricle either beating spontaneously or in a stand- 
still from the drug, responded to stretching by a long sustained maximal 
tonic contraction. An isolated ventricular strip similarly treated would 
not do this unless it were connected to the auricle. The response then 
appeared on stretching either auricle or ventricle. After cocain this 
stretch reaction could not be secured. From all of these observations 
Loewe concluded that he was dealing with an intracardial nervous reflex 
tonus mechanism. The center was located in the auricle where ganglia 
were known to exist and to this came afferent connections from both 
auricles and ventriele and from it went efferent pathways to both 
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auricular and ventricular muscle. At first the stretch reflex could only 
be demonstrated after some kind of sensitization with digitalis, but later 
it was secured in the normal heart by distention with saline. 

Wichels (86) came to the same conclusions as Loewe. He found that 
only strips in connection with a ganglionated portion would give the 
stretch reflex after digitalis treatment and that cocain abolished the 
response but it did not interfere with automaticity. He too therefore 
decided in favor of an intracardial nervous reflex mechanism which 
governed tonus. 

From a study of the contracture-producing drugs, Frohlich and Pick 
(32) believed that there were nervous contracture and tonus centers 
located above the ventricle, probably in the auricular septum. Their 
argument was that they found chloral had but little action in raising 
the diastolic level of the ventricular contraction curves unless the 
ventricle were left connected to the sinus and auricle. They also noted 
that occasionally the BaCl, contracture of the ventricle could be seen to 
increase and decrease spontaneously which seemed to indicate some kind 
of nerve action. 

In their study of strophanthin Amsler and Pick (2) in 1920 gave evi- 
dence of a contracture inhibitory center somewhere above the ventricle. 
These authors found that if the ventricle of the frog’s heart were divided 
into a right and a left half, one isolated and the other left in connec- 
tion with the auricles, the latter did not go into contracture on being 
bathed with a strophanthin solution, but the half completely isolated 
from the rest of the heart promptly passed into a state of exaggerated 
tonus. Their proposed center, inhibitory to the development of con- 
tracture, was not the specialized motor center of the heart for if the 
sinus were depressed chronotropically the ventricular contracture still 
did not appear in the ventricle. 

Simultaneously with the above studies the work of Szent-Gyérgyi 
(85) appeared which seemed to indicate that under normal conditions 
there was a ventricular tonus under sinus control. After tying off the 
sinus of the frog’s heart the ventricular beats, judged by suspension 
curves, at once showed three important variations. The curves length- 
ened due to a greater diastolic filling, the diastolic descent was steeper 
showing a quicker relaxation, and there was a short series of after 
vibrations similar to those described by Emanuel for atonic muscle. 
All these changes Szent-Gyérgyi interpreted as being due to a loss of 
tonic influences from the sinus. 

In 1922 Regelsberger (71) confirmed and amplified the work of Szent- 
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Gyorgyi. He modified the previous technique in several ways. Injury 
to the A-V groove was avoided, the sinus was eliminated by the milder 
methods of cooling or application of urethane, and to meet the criticism 
of a change in rate the ventricle was kept at a uniform rate by artificial 
stimulation. In one group of hearts he succeeded in demonstrating a 
loss of ventricular tonus, i.e., a lower diastolic level of the suspension 
curves, on extirpation of the sinus by any of the methods mentioned. 
He had however to admit that there was a second group of toneless 
hearts that gave no response to any of his procedures. 

The papers mentioned thus far would seem to make an excellent case 
for ventricular tonus under supraventricular control in the cold-blooded 
heart. On close examination, however, it is noticeable that with the 
exception of Regelsberger no attention whatever has been paid to the 
fundamental principles for judging the presence of tonus laid down 
particularly by Frank and Hoffman, and often the technique is by no 
means above reproach. This has led to a repetition of many of the 
experiments and a great deal of merciless criticism from recent workers 
such as Machiela (60), Koch (54), Holzléhner (49) and Réssler (75). 

In Pietrkowski’s experiments it is unbelievable that some air was not 
forced into the ventricle on blowing up the auricles, due to incompetence 
of the valves, and that the ventricle was not thereby somewhat dis- 
tended. That stretching of the ventricle may bring on a certain degree 
of maintained shortening or even a systolic standstill has been known 
since the work of Goltz in 1862 (see Koch for literature), and has been 
confirmed by many workers since. If the auricles are blown up without 
any of the pressure being allowed to reach the ventricle, a feat that 
Koch accomplished by closing off the A-V orifices with a tiny rubber 
balloon, then there is no appearance whatever of the so-called ventricular 
tonus. Whatever the real nature of this ventricular stretch reaction 
may be, it has to do with the course of the contraction itself and does 
not depend on any supraventricular influence. Pietrkowski’s work 
offers no real evidence for the existence of a tonus center in the 
auricles. 

The experiments of Loewe and Wichels were repeated by Machiela 
with exactly opposite results. Typical strophanthin contracture was 
secured from strips taken from any part of the heart, no matter whether 
they were attached to the auricle or entirely isolated. Machiela attrib- 
uted Loewe’s failures to get his stretched reflex on isolated strips to an 
insufficient oxygen supply and to overloading. Strophanthus does not 
bring on contracture unless the oxygen is adequate, and the loads borne 
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by the muscle strips do not exceed 0.32 to 0.75 gram. If these pre- 
cautions were observed Machiela secured contracture with the greatest 
ease. These newer experiments entirely remove the necessity of postu- 
lating supraventricular tone centers to explain the action of the digitalis 
like bodies. 

The work of Fréhlich and Pick has been reviewed by Amsler and 
Fréblich (3). The latter authors find no need of bringing in any higher 
centers to explain the action of chloral. The drug in some way predis- 
poses ventricular muscle to contracture. Whenever the rate of con- 
traction is sufficiently rapid the contracture appears. If the strip or 
entire ventricle is left attached to the sinus and auricle, the normal rate 
is fast enough to bring the ventricle into contracture. The automatic 
ventricle does not usually beat rapidly enough. In this case artificial 
stimuli may be applied at a faster tempo and contracture at once 
appears. 

No one has apparently repeated the experiments of Amsler and Pick 
(2) on strophanthin contracture. It is evident that they are out of 
agreement both with Loewe and Machiela. It is probable that as in 
Loewe’s work a removal of all technical difficulties would leave no 
necessity for invoking inhibitory tonus centers. Rdéssler has compared, 
however, the contraction curves obtained from an isolated half ventricle 
with that secured from the other half of the ventricle which was still 
connected to the upper parts of the heart. The isolated half gave a 
larger curve than the half still attached, but the extra height was due 
to an increase in systole and not to a more marked relaxation. The 
important point hére is that the entire course of contraction is modified 
in the automatic beat of an isolated portion of a ventricle, and a change 
in the contour of such a curve can hardly be used as evidence for the 
sudden appearance of tonus and much less for the idea that tonus had 
been previously inhibited by a higher center. 

The strongest support for supraventricular tone centers was ap- 
parently contained in the work of Szent-Gyérgyi and Regelsberger, and 
yet almost every detail of their experiments has been subjected to 
criticism by Koch and Holzléhner. Szent-Gy6rgi based his conclusions 
on the appearance of greater relaxation, a steeper descent of diastole, and 
certain elastic after-effects, all of which could be seen in the ventricular 
curves following elimination of the sinus, but that these were due to a 
loss of tonic influences from the sinus by no means necessarily follows. 
Any or all of these effects might be due to changes in rate or to inac- 
curacies of the recording system. Both of these seem as a matter of 
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fact to have been present. Koch actually duplicated the curves in his 
own experiments by artificially varying the rate of contraction and 
adjusting the mass of the recording levers. Szent-Gyérgyi’s curves 
taken before tying off the sinus do not show a horizontal diastolic level 
between systoles, but after removal of the sinus this begins to appear. 
The explanation of the supposed loss of tonus is simply that the auto- 
matic ventricular rate following sinus removal is slow enough to allow 
time for a greater relaxation. The steeper diastolic descent and the - 
after oscillations are due to the influence of the lever mass, which be- 
cause of the slow rate is now able to express itself. It is true Szent- 
Gyoérgyi attempted to control the effects of a change in rate by 
depressing the sinus rhythm with perfusion solutions deficient in CO, 
to a point at which the ventricle became automatic. As the sinus 
ceased to function a decrease in tonus appeared. No curves were how- 
ever presented to illustrate this, and in a previous publication (61) 
dealing with the action of CO. no mention is made of such results. 

Regelsberger’s success in demonstrating a loss of tonus after sinus 
extirpation seems also to have depended on technical errors. Koch 
found in 41 experiments that if the load were light, then on eliminating 
the sinus the ventricular rate following was slow enough to allow time 
for a more complete relaxation. If however the load were heavy 
enough fully to distend the ventricle at its sinus rate no further ex- 
tension occurred when the sinus was extirpated even though the 
rhythm was slower. Regelsberger’s two classes of tonic and toneless 
hearts were then probably determined by differences in loading. It is 
also likely as pointed out by Roéssler that the lowering of the diastolic 
level in some of Regelsberger’s curves was due not to any so-called tonus 
decrease but to the failure of the auricle any longer to compensate for 
the ventricular movement since its time of contraction had varied in the 
new rhythm. To avoid any error due to the slower rate after removal 
of the sinus Regelsberger threw the heart into an artificial rhythm by 
electrical stimulation. With this fixed rate he still found the diastolic 
level of his curves lowered on sinus removal. The contour of the curves 
was changed which robbed them of much of their value as evidence. 
Moreover Koch in 10 experiments was unable to determine any change 
whatever in diastolic relaxation if the heart was kept in a constant 
artificial rhythm during the sinus removal. 

It may not be quite fair to throw entirely out of court all of the 
attempts to prove supraventricular tone centers but certainly a verdict 
of not yet proved must be brought in. The workers so far have not 
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fully recognized that neither an increase nor a decrease in diastolic length 
can be accepted as a proof of tonus so long as it is accompanied by 
variations in rhythm or a modification in the course of contraction. The 
evidence thus far has not met these qualifications. 

Variations in the composition of perfusion fluids. On first thought 
variations in the chemical composition of the fluid supplying the heart, 
either normally or in artificial perfusions, might be expected to offer a 
means of attacking the tonus problem. Such experiments, though 
important enough for certain purposes, have been very disappointing 
for the question in hand. The reasons for this are quite obvious. In 
the first place most, if not all, the substances modifying the degree of 
diastolic relaxation, distort the course of the normal contraction which 
shows that the processes underlying the contraction are disturbed, and 
any conclusion regarding tonus is at once rendered difficult or impossible. 
In the second place, even if a chemical substance should bring on a shift 
in the diastolic level without changing the course of the individual 
contractions the interpretation would be none the less difficult. The 
result might be due to an increase or decrease in a contraction sustained 
throughout diastole, i.e., tonus, or it might be a physico-chemical change 
in the diastolic phase which allowed a different type of relaxation, or a 
physico-chemical change which modified the elastic properties of the 
musculature. 

The variation in the perfusion fluids which has been of most interest 
in this connection is that of its reaction. Gaskell (34) long ago noted 
that an alkaline solution perfused through the heart brought on a 
systolic standstill while perfusion with an acid solution induced a stand- 
still in diastole. These results were attributed by Gaskell to changes in 
tonicity of the heart muscle although he frankly admitted he did not 
know the mechanism involved, whether it was an idiomuscular contrac- 
tion or a change in elasticity. In recent years the exact pH values that 
give these results have been determined, Andrus (4) showing that a pH 
of 7.4 to 7.6 augments the tonus of the turtle heart while a pH of 7.4 
to 7.3 decreases it. Some of the theories proposed in explanation of 
these actions may be found in papers by Andrus (5) and Mines (63). 

Similar observations have recently been made on the mammalian 
heart. Iwai (52) found in the isolated cat’s heart that a change of pH 
from 7.4 to 7.5 brougbt on increased diastolic tone while a change to pH 
7.2 caused a diastolic relaxation. It is impossible to tell from the 
evidence presented the exact nature of the relaxation. Whatever its 
course, a heart supplied with blood of a low pH apparently shows a 
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greater relaxation in diastole. For a given venous pressure this would 
allow not only a more complete filling of the ventricles but, what is of 
more importance a faster distention. Barr and Himwich (6) have shown 
that in exercise the pH of the blood may change from 7.3 to 7.1. This 
is apparently sufficient to affect the beart and it may be that here we 
have a chemical control of the resistance the heart offers to diastolic 
distention. If in exercise the heart could fill more rapidly, then even 
at higher rates it might still put out more nearly the normal amount of 
blood per beat, which would help very materially in explaining the large 
minute volumes found in severe exercise. It is evident that volume 
curves would not always be superimposable if such a mechanism should 
be found to exist. 

Another well-known example of increase or decrease in diastolic 
relaxation depends upon the calcium and potassium content of the fluids 
that bathe the heart, potassium promoting and calcium inhibiting 
relaxation. These changes are entirely independent of rate, neither do 
they depend upon the variation of any kind of sustained diastolic con- 
traction. Their action depends on modification of the contraction and 
relaxation processes themselves as may be seen by curves taken rapidly 
enough to allow a study of the different phases. Potassium brings about 
a slower systole and a more rapid diastole, while calcium hastens systole 
but delays diastole. Holzléhner (49, 50) has recently discussed the 
actions of the Na, Ca and K ions and his papers will supply references 
to this literature. [; is evident that to speak of tonus being increased 
by calcium or lowera d by potassium is to use the word in a very limited 
sense. We do not know the exact nature of the processes concerned, 
but they are certainly special physico-chemical reactions of some kind 
having to do with the protoplasm of the muscle cell and modifying the 
normal course of contraction in particular ways. Suggestions of possible 
mechanisms involved may be found in the work of Otto Frank as well as 
in the recent investigations of Gasser and Hill (37) on the viscous-elastic 
properties of muscle. Neither calcium nor potassium is known to vary 
sufficiently in concentration in the blood during any activity of the 
body so that a physiological function could be assigned to the relaxing 
or contracting properties of these substances. For all these reasons it 
is not believed that calcium or potassium offer any evidence in favor of 
a continuous state of contraction in heart muscle. 

Contractures. Cardiac muscle in common with skeletal on exposure 
to many chemical substances enters into a state of long sustained con- 
traction commonly known as ‘‘contracture.”” This may be brought 











THE QUESTION OF CARDIAC TONUS 277 


about by extremes of H-ion concentration, excessive calcium content, 
or the action of a number of drugs such as chloroform, caffein, alcohol, 
digitalis and many others. Many writers have insisted on referring to 
these contractions as examples of tonus. Such a use of the word is 
however quite unjustified if we conform to the definition adopted by the 
reviewer, for the contractures are very clearly due to marked disturb- 
ances in the normal rhythmical contractile processes and have nothing 
directly to do with sustained diastolic contraction. They are exag- 
gerated contraction remainders. Meyerhof (62) claims that all con- 
tracture forming substances cause a lactic acid formation in the muscle 
which accounts for the contraction. Following this there is a failure to 
relax due probably to some physico-chemical action of the substances 
themselves on the proteins of the muscle. Bethe and his pupils (7) do 
not believe that the contracture producing substances act in a round 
about fashion by forming lactic acid, but that they stimulate the con- 
tractile substances directly. Both views are accepted by Riesser and 
Heianzan (73) since they have shown that in acetylcholin contracture 
no lactic acid is formed. These views of recent workers are mentioned 
to show that no one familiar with the field has attributed contracture to 
an increase in a previous state of sustained contraction. 

Action currents. If there is a condition of sustained contraction in the 
heart one would expect that the galvanometer string when connected 
for monophasic curves, would show a displacement from the position of 
rest. No such records have, however, been reported. On the contrary 
Evans (22) found that in the snail’s heart with the induction of a state 
of tonic contraction by excess carbon dioxide, the electrical changes 
ceased and there was a return to the iso-electric state. Schaffer (77) 
bas shown a long slow return of the string to the iso-electric point after a 
contraction in the quiescent frog’s ventricle. From this he argues that 
the heart during a series of beats is in a constant state of tonic excitation. 
Since the negative condition slowly passes off after a single beat or a 
series of beats, it is evident that the phenomenon is associated not with 
any continued state of contraction but most likely with the chemical 
changes associated with relaxation. 

Too much cannot be expected from this method in the study of cardiac 
tonus when there is yet no agreement that electrical phenomena are 
associated with tonus or even contracture of skeletal muscle. Adrian 
(1) and Cobb (19) are both very skeptical of the positive results so far 
reported, believing that the technical difficulties have not been over- 
come by the investigators. Very recently however Schiffer and Licht 
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(76) have found a long monophasic variation associated with acetyl- 
cholin contracture. 

Special contributions that have touched on tonus. There have been 
many contributions to specific problems of circulation that have con- 
tained interesting references and observations on cardiac tonus. It is 
difficult to place them in any definite category but a few of the important 
ones will be mentioned briefly here. 

In a study of weakness induced in the frog’s heart by overexertion 
from a long rapid series of contractions Bruns (17) has noted variations 
in diastolic and systolic volumes independent of rate and distending 
pressure. These spontaneous changes were more marked in the ex- 
hausted hearts and there seems no doubt that they were tonus oscil- 
lations similar to those occasionally found by other workers in the cold- 
blooded ventricle. On gradually increasing the pressure of distention 
the fatigued hearts were found to be more extensible than fresh ones. 
This extensibility was attributed to a change in elasticity; at least the 
hearts showed elastic after-effects and other characteristics of elastic 
bodies, which are obscured in fresh hearts with good contractile power. 
Since Rohde showed that the dynamic laws of the cold-blooded heart 
apply to the warm-blooded, Bruns concluded that increased extension 
due to fatigue might play a part in cardiac dilatation. 

Socin (80) studied the acute cardiac weakness produced in the heart- 
lung preparation of the cat on inhalation of chloroform. A dilatation 
resulted in all cases but the plethysmograph showed that it was due to 
a weakening of the musculature which left more blood behind after each 
systole. In five experiments there was some evidence that dilatation 
appeared before a decrease in the stroke volume. If this were substan- 
tiated it would speak for a change in diastolic extensibility which might 
be referred to changes in elasticity or in a sustained diastolic contraction. 
Socin did not feel however that his technique was accurate enough to 
justify such a conclusion. The work is well worth repeating from this 
point of view. 

The work diagrams constructed by Straub (82) have given some 
interesting information about diastolic conditions in the mammalian 
heart. Even toward the end of diastole the diagram is convex to the 
abscissa which means that a certain degree of contraction remainder 
has persisted throughout nearly all of the filling time. From this it can 
be safely concluded just as Frank found in the frog’s heart, that under 
all ordinary conditions the curve of the extension minima of the mam- 
malian heart does not lie on the curve of the extension minima of the 
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resting heart but above it. An increased diastolic relaxation is then in 
itself no more evidence of tonus in the mammalian heart than it is in the 
cold-blooded. By comparing work diagrams from hearts subjected to 
injury with those from fresh hearts Straub showed that muscular weak- 
ness did not express itself in any change in the position of the extension 
minima. In other words, fatigue was without any effect on the degree 
of diastolic relaxation. This agrees with the work of Socin but differs 
from the results obtained by Bruns. The latter, however, subjected his 
preparations to extremes not likely to be met even in pathological cases. 
In the fatigued hearts Straub found constantly a lowering of the exten- 
sion maxima. Injury to the heart is thus seen to result in weakening 
of the contractile power and decreased expulsion of blood. The diastolic 
dilatation that ensues is then in no sense due to a change in tonus. 

In his many experiments on the volume changes of the mammalian 
heart, Henderson (46) has abundant references to cardiac tonus. He 
agrees with Frank and Hofmann that vagus stimulation has no primary 
effect on the diastolic curve. Henderson’s definition of tonus as 
“the height of the coefficiency of elasticity, and hence the degree of 
resistance to deformation,’’ gives very little light on his conception of 
its real nature. It is obvious however that the diastolic resistance to 
distention must run a uniform course if all volume curves are to be 
superimposable and the law of uniform cardiac behavior valid, so he 
infers an entire absence of those stimuli which induce tone in a resting 
skeletal muscle. The only factor that normally influences tonus in 
Henderson’s sense, is the rate; tonus being high at rapid rates and wear- 
ing off in vagus standstill. Henderson’s tonus is then the “contraction 
remainder,”’ the amount of which is an individual peculiarity varying 
but little for each heart. Tonus may then vary with the rate for the 
faster the beats occur the more there is of the contraction remainder 
present and the smaller is the diastolic size. The resistance offered to 
distention by this form of tonus is greater than all normal venous pres- 
sures, else the relaxation curve would vary with the venous pressure. 
It is evident that Henderson’s whole theory of the mechanics of the 
heart beat depends on this conception of tonus. Although he is often 
cited as a firm believer in cardiac tonus, in no place that we can find does 
Henderson ever argue for any form of sustained diastolic contraction 
independent of the regular contractions. To admit such a phenomenon 
would be inconsistent with his whole point of view. The condition of 
extreme tonus to which he refers in acapnia is a contracture either of a 
greatly fatigued or poisoned muscle. 
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Reference has already been made to Starling’s views on tonus. He 
does not believe that during the diastole of a normal heart there is a 
trace of a state of tonic contraction (81). The dimension which the 
heart attains during diastole is a function of the length of the diastolic 
period and of the speed with which the blood enters the heart. In the 
contracted heart of shock there is no augmentation of tonus but merely 
a decreased venous return due to stasis in the capillaries. Likewise a 
cardiac dilatation may have nothing to do with decreased tonus but 
depend merely upon the amount of blood entering the heart, according 
to the principles expressed in the law of the heart. The increased 
diastolic size following increased peripheral resistance or weakening of 
the myocardial musculature is according to this interpretation brought 
about by a temporary decrease in output per beat accompanied by the 
regular inflow. The heart thus dilates not because a sustained diastolic 
contraction is reduced but because of the increased amount of blood in 
the heart, and this form of dilatation continues until the heart fibers 
have increased in length sufficiently again to meet the circulatory 
demands. 

The disbelief of Starling and his collaborators (66, 67) in tonus rests 
on their experiments which showed very little or no change in intraven- 
tricular diastolic pressures. They found the fall of pressure at the end 
of systole occurred just as rapidly as the systolic rise. The curve fell 
to the zero line and then in most cases rose gradually but very slightly 
during diastole. At times the pressure remained at approximately 
zero during the greater part of diastole. For these reasons they felt 
that the pressure necessary to distend the heart was negligible for a 
rather wide range of inflow. Since the low diastolic pressures indicated 
that there was little resistance to distention there could be of course no 
sustained diastolic contraction. 

If diastolic tone were present intraventricular pressure would hardly 
fall to the zero level after the opening of the A-V valves, and there would 
certainly be a definite positive pressure throughout diastole, with an 
increase toward the end of the period. Although an examination of 
intraventricular pressure curves by various authors often shows a higher 
pressure during diastole than one might expect from Starling’s descrip- 
tion, Wiggers (91) for example, finding a definite increase at the end of 
diastole in 28 per cent of his intra-auricular records, there is not sufficient 
evidence from this source to warrant a beliefintonus. Furthermore, if 
there were any kind of a sustained diastolic contraction that could be 
termed physiological one would expect to find numerous fluctuations 
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both in pressure and volume curves. As is well known, for any given 
experiment under anything like normal conditions these are remarkably 
constant and uniform. In view of all this, it is not surprising that 
Starling has abandoned any idea of diastolic tone. His appropriation 
of the term for the contractile fitness of the fiber has however not helped 
in clarifying the question and in the reviewer’s opinion such use of the 
word should be discontinued. 

Tonus and dilatation. This is not the place to discuss the vast clinical 
and experimental literature that has accumulated on cardiac dilatation. 
The widespread belief, based however on a very meager experimental 
basis, that dilatation is associated with hypertrophy, justifies a reference 
to the possible part played by tonus. Following the classification of 
Moritz (64) dilatations may be said to be tonogenic or myogenic. A 
tonogenic dilatation is one that results from any increase of tension in 
the muscle and it is characterized by an increase in both initial and 
maximal intraventricular pressures and a maintenance or increase in 
stroke volume. Such a dilatation is entirely passive being due to an 
increased filling pressure because of a more rapid venous return, a 
lengthening of the cycle, or the inability for a few beats to empty against 
a heightened peripheral resistance. The heart quickly compensates and 
the entire process may be said to be physiological. The term myogenic 
Moritz used for a dilatation due to muscle weakness or injury. In this 
case although the heart is dilated it does not increase its output. Straub 
(83) has pointed out that the two types can only be distinguished when 
the peripheral resistance which is to be overcome is known. 

Hering (47) has subdivided the myogenic dilatations into two classes, 
the hypinogenous or those that arise from a decrease in the contractile 
power of the muscle, and the hypotonogenous or those caused by a 
decrease in muscular tonus. The lengthening of the fibers in the latter 
case according to Hering is due to a vital physiological process. Her- 
ing’s theory of hypotonogenous dilatation rests on the experiments 
purporting to show a supraventricular control of ventricular tonus 
which we have already reviewed. Although clinicians have been fav- 
orable to such views (56, 59) until the evidence becomes much more 
convincing one can scarcely accept an atonie type of dilatation. 


SUMMARY 


In cardiac physiology the word tonus has been used both by physiol- 
ogists and clinicians in so many different ways that an attempt has 
been made to define the term. Cardiac tonus is a condition of sus- 
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tained diastolic contraction, independent of the systolic contractions, 
by virtue of which the muscle fibers resist distention more than they 
would because of their mere physical properties. In testing for cardiac 
tonus in this sense it is necessary to find spontaneous changes in diastolic 
relaxation or changes due to variations within normal limits of some 
physiological condition. Relaxation due to slower rates, modification 
in the course of the systolic contraction, or pressures outside the normal 
must be excluded since they are not primary but secondary in their 
action. It must be kept always in mind that the diastolic size of the 
heart in itself offers no evidence of tonus unless all other factors are 
controlled. By definition contraction remainders, contractures, elas- 
ticity and variations in the contractile power are not regarded as tonus. 
The action of drugs cannot be expected to furnish evidence for the 
existence of cardiac tonus. 

There is general agreement that tonus waves occur in the tortoise 
auricle, although recent workers attribute them to the rythmical con- 
traction of a smooth muscle sheath. In the ventricles of all forms 
tonus waves have been reported only occasionally. The view, still 
widely current, that the vagus may induce greater ventricular di- 
astolic relaxation is not consistent with the classical work of Frank 
or Hoffmann and is unsupported by any convincing recent experi- 
mentation. The existence of supraventricular tone centers has been 
alleged by a number of recent workers, but the evidence for these 
does not meet the criteria laid down by such careful workers on 
cardio-dynamics as Frank, Hofmann, Straub or Wiggers. Gaskell’s 
old observation that acid perfusion led to diastolic relaxation may have 
real physiological significance if it can be shown that the result is not 
secondary to variations induced in the phases of the regular systoles. 
Contraction remainder may well play an important part in diastolic 
filling as Henderson believes, but we do not feel it should be regarded 
as an example of tonus. Neither in our opinion, though its existence 
remains unproved, should the old physiological conception of the word 
tonus be usurped by such a definition as that proposed by Starling, 
one having to do not with a sustained contraction but with the avail- 
able contractile power. Contractures while offering possible points of 
attack on the nature of muscular contraction have little or nothing to 
do with tonus. To conclude, whatever may be disclosed in the future, 
there is as yet no convincing experimental evidence that any kind of a 
sustained contraction persists throughout diastole which is subject to 
physiological modification. 
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CURRENT VIEWS ON “INTERNAL SECRETION” 


SWALE VINCENT 
Department of Physiology, Middlesex Hospital Medical School, London 


A. [ytropuction. The term “internal secretion’’ has been put in 
inverted commas for the reason that many topics discussed in this paper 
have nothing whatever to do with secretion, either external or internal. 
They are, however, usually treated in books on the subject, and perhaps 
for the time being there is no more suitable place for their discussion. 
Again, many of those activities which are usually conceded to be of the 
general nature of internal secretion are so different in their mechanism 
from ordinary or external secretion that it is doubtful whether they 
ought to be included in the same category. If we compare our knowl- 
edge of the functional activities for example of the thyroid with those 
of the submaxillary gland, we see at once that the processes in the 
former are of quite a different nature from those in the latter. The 
fundamental difference between ‘‘glands”’ and “‘secretions’’ on the one 
hand and ‘‘ductless glands” and “‘internal secretions’’ on the other, was 
pointed out by the late Sir William Bayliss in a review of a book by the 
present writer. Bayliss wrote: 


The name ‘‘gland”’ implies to the physiologist many organs and tissues which 
have functions other than that of producing substances for the purpose of exerting 
a particular action on other organs or tissues when they pass into the blood- 
current. Those which form saliva and also the lymphatic glands may be men- 
tioned. It is true that we might define a gland in a new way and say that any 
organ that produces some substance not already contained in the blood is entitled 
to the name. It would conduce to accuracy, however, if the name ‘‘gland”’ 
were limited to those organs able to pour out a secretion which can be collected 
and examined—those of ‘‘external secretion’”’ in fact. In this case the ductless 
“‘glands’’ would have to be called ‘‘bodies’’ or some similar name, as is indeed 
frequently done in speaking of the ‘“‘pituitary body”’ or the ‘“‘suprarenal bodies.”’ 
The name “‘secretion’”’ itself as applied to the activity of the endocrine organs is 
also not very satisfactory. 


Most physiologists will be prepared to admit that “secretion” and 
“internal secretion” are so different from each other that it is doubtful 
whether they ought both to be called ‘‘secretion.’’ Confusion has 
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arisen from the fact that the term secretion has been applied to several 
different processes. As I have pointed out on previous occasions, the 
chemical processes of the manufacture of substances, the elaboration of 
these into a form suitable for elimination, the passage of water and other 
materials out of the secretory cell into the duct of the gland and the 
final expulsion of the product on to a free surface—all these are referred 
to as “‘secretion.” If we make our definition of secretion to include 
all these things, then it is clear that what is commonly called “internal 
secretion” must be placed in a quite different category. We may also 
urge with Bayliss that the structures which carry out the process should 
be called ‘‘bodies’’ and not “‘glands.’”’ But Bayliss offered no suggestion 
as to what the process is to be called. The products he called 
“hormones” or ‘‘chemical messengers.”’ This will be referred to again 
under the heading of nomenclature. 

Bayliss’ suggestion that “‘we might define a gland in a new way” 
has actually been carried out by many writers. The definition of a 
gland has been extended so as to apply to any structure (made up of 
cells of a special epithelial character) which forms a product—the 
secretion—which is discharged either upon a free epithelial surface, or 
upon the closed epithelial surface of the blood cavities. But it has been 
pointed out that the substances manufactured by the tissue should be of 
a highly specialized character, and not the ordinary products of metab- 
olism, such as COs, lactic acid and urea. 

B. DEFINITION AND LIMITATION OF THE TERM “INTERNAL SECRE- 
TIoN.’’ Apart altogether from the difficult question as to whether the 
production of such substances as the active principles of the thyroid or 
the pituitary ought to be regarded as a process of true secretion, we have 
to discuss whether the presence in the tissues generally or the extraction 
from them of principles having distinct pharmacodynamical properties 
is necessarily to be regarded as evidence that the tissues furnish an 
internal secretion. 

When it was found that by some of the methods employed to extract 
and test the physiological properties of the adrenals and the pituitary, 
active substances could be obtained from many different kinds of organs 
and tissues, the belief gained ground that the old morphological and 
physiological distinction between glands and other tissues should be set 
aside and the assumption was made that all the tissues of the body are 
capable of furnishing internal secretions, regardless altogether of their 
origin and histological structure. This view has been strenuously op- 
posed from the morphological standpoint by Kohn. In one of his most 
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recent contributions on this subject (68), he discusses the claim of CO, 
to rank as an internal secretion. If, as he points out, the materials are 
called by some such name as “hormones” (vide infra, p. 296) no objection 
can be made, unless it be implied or definitely stated that the ‘‘hor- 
mones”’ are always the products of an act of secretion. The chemical 
codrdination of body functions is an important subject and ‘‘internal 
secretion” is only a part of it. If the substances poured into the blood 
stream are manufactured in a specially constructed organ made up of 
highly specialized epithelial ‘‘secretory”’ cells, then we may perhaps, 
with the mental reserve indicated above, refer to a process of true 
secretion. If, on the other hand, the substance in question is an ordi- 
nary metabolic product such as COs, urea, lactic acid, etc., then the use 
of the term secretion is totally inadmissible. 

Kohn also points out the confusion which has arisen by including the 
products of absorption from the alimentary canal as internal secretions. 
To refer to proteins, fat and sugar as internal secretions is inaccurate. 
Absorption is not an act of secretion and foodstuffs are not secretions. 

C. METHODS OF STUDY OF ‘‘INTERNAL SECRETION.”” 1. The injection 
of extracts. Space will not allow of the discussion of all the methods 
employed in the study of autacoid actions whether secretory or not. 
There is, however, one method which has been so extensively used and 
has been so fertile both in important facts and in groundless hypotheses, 
that we must make reference toit in this place. The method in question 
is the injection of extracts made in various ways from the different organs 
and tissues of the body. The technique was not much employed till 
Schafer, working in conjunction with Oliver (80), discovered that ex- 
tracts made from the adrenal bodies give rise (when injected into the 
veins of an animal) to a very great rise in the arterial blood pressure. 
It is worthy of note that all the fundamental facts in the whole subject 
were noted by Schifer in these early papers. In his work with Oliver 
he observed that one other gland extract besides that of the adrenal, 
viz., the pituitary, contained a pressor principle, and in conjunction 
with Moore (87) he recorded that brain extracts produce a fall of blood 
pressure. 

It gradually became clear that the rise of blood pressure given by 
adrenal and pituitary extracts was a very special result peculiar to these 
two organs, but that the fall of pressure first observed in the case of 
brain extract is a phenomenon obtained with extracts made from all 
kinds of organs and tissues (98). Although this was fully realized by 
workers conversant with the subject, yet from time to time papers have 
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appeared from authors who carefully described the depressor action of 
this or that tissue. Among recent examples are those of McDonald (75) 
and James, Laughton and Macallum (64) who have recently made the 
observation that extracts of liver have the power of lowering the blood 
pressure. 

The nature of the depressor substance or substances in tissue extracts 
is not known. It was shown by Osborne and Vincent and by Vincent 
and Sheen (98) that the depressor effect of the nervous tissue extracts 
could not be attributable to choline, since a marked fall is obtainable in 
atropinized animals, while with choline in such animals there is always a 
rise. The same is true for tissues generally. Histamine has been sug- 
gested as alikely substance; and quiterecently the idea has gained ground 
that the effect might be due to a mixture of choline and histamine in 
the extracts. It is, however, not difficult to show that there must be 
present some substance having totally different properties from either 
of these (97). 

It has been pointed out on numerous occasions that these results are 
merely pharmacodynamical and bear no necessary relation to any 
hypothetical internal secretion or even production of ‘‘autacoid” sub- 
stance by the tissues explored. In the case of the majority of tissues at 
any rate there is no reason to regard the presence of such active sub- 
stances as evidence that the tissues in question furnish an internal 
secretion. It would for example be preposterous to assert that the 
presence of depressor substances in brain extracts has any direct bearing 
upon the problems of brain physiology. There is in this case not the 
slightest reason to suspect that the substances in question are ‘ ‘internal 
secretions,’ ‘‘autacoid substances”? or anything of the kind. The 
whole line of investigation derived from the action of extracts has been 
carried out with a sad lack of critical judgment. Certain French writers 
(see 95) divide the glands of the body into two groups, ‘‘hypertensive”’ 
and ‘‘hypotensive,’’ according to the action of their extracts upon the 
arterial blood pressure. Such a classification would put the chromaphil 
tissues and the nervous portion of the pituitary body into the first 
group, and all the other organs and tissues of the body into the second. 
The view is widely held that all organs and tissues of the body furnish 
internal secretions, and that the normal blood pressure and other 
standard conditions are maintained by a series of antagonistic chemical 
agencies arriving from different glands and tissues. 

It is just as necessary today as it was some years ago to lay great stress 
on the fact that many if not most of the results obtained by the study 
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of the action of tissue extracts are of purely pharmacodynamical interest. 
It seems urgent to point out in the first place that the physiologically 
active substances found in extracts may not have been present in the 
living or even in the dead tissue, but were possibly produced by the 
manipulations mechanical and chemical employed in making the ex- 
tracts. (See below, methods of preparing extracts, p.301). Two further 
assumptions are often made, viz. that the substances in the extract are 
normally poured out into the blood stream to minister to the needs of 
the economy and that such pouring out is the result of an act of secretion. 
It is necessary to point out that each of these assumptions may be 
groundless. 

2. Actions on isolated preparations. Another method which has had, 
and still has, a great vogue, is the testing of tissue extracts upon isolated 
preparations of smooth muscle, especially that of the uterus. It is 
particularly in connection with the study of the pituitary body that this 
technique calls most for comment. The favorite preparation is the 
isolated uterus of the virgin guinea pig. It is well known that the 
contractions of such a uterus are markedly increased by the addition of 
pituitary extract to the bath of Ringer-Locke solution in which the tissue 
is immersed. It is frequently assumed that a similar activity on the 
part of any tissue extract is evidence of the presence of a product of 
pituitary secretion. | 

In 1923 Dixon (33) injected extracts of organs into dogs and studied 
the effect on the pituitary body by estimating the amount of the uterus- 
contracting principle in the spinal fluid. A certain volume of spinal 
fluid was added to the uterus in Locke’s fluid and the effect upon its 
contraction compared with that of a standard pituitrin solution. Dixon 
got no effects from extracts of liver, brain, choroid plexus, testis, epididy- 
mis, anterior lobe pituitary, thyroid and pancreas. Extracts from the 
interstitial portion of the ovary (i.e., ovary from which the corpus 
luteum had been removed) were the only ones which gave positive 
results. Two or three minutes after the injection of such extracts, there 
was demonstrable in the spinal fluid a considerable increase in the 
uterus-contracting principle which, it was assumed, must have been 
derived from the posterior lobe of the pituitary body. From these 
results Dixon came to the conclusion that extracts from the interstitial 
tissue of the ovary specifically excite the pituitary gland to secrete. 
“The facts seem clear,’’ says Dixon, ‘‘that ovarian conditions determine 
the secretion of the pituitary, and thus react indirectly on the uterine 
tonus. Pituitrin is very largely employed in medicine to contract the 
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uterus: its employment would seem to be so far rational that it is the 
drug manufactured by the body for this specific purpose.’’! 

A little later Dixon and Marshall (34) reported that ovaries containing 
corpora lutea were devoid of any influence on pituitary secretion, while 
the yellow bodies were fully active. As these underwent gradual 
retrogression, the power of the ovary to stimulate the pituitary simul- 
taneously and proportionately increased. The authors considered that 
the corpus luteum so dominates the ovarian metabolism during preg- 
nancy as to inhibit the normal ovarian secretion, but with the involution 
of the corpus luteum at the close of pregnancy the uterus shows an 
increasing irritability, and eventually, when the normal ovarian endo- 
crine mechanism is sufficiently reéstablished, the secretion, working 
through the intermediation of the pituitary, becomes an important 
factor in bringing about labour. 

These two papers are glaring examples of the fascinating theories 
which may be constructed if once doubtful data become accepted as 
true. In the first place it is by no means proven that the active sub- 
stance of the pituitary body is carried into the blood through the spinal 
fluid. Again, it is a matter for serious discussion whether any uterus- 
contracting principle which may be found in the spinal fluid has any 
relation to the pituitary body. Further, blood and inflammatory 
products may cause a contraction of the guinea-pig uterus, and these 
may easily contaminate the spinal fluid used for experiment. But the 
most serious criticism of the work of Dixon and of Dixon and Marshall 
is to be found in a recent communication by Blau and Hancher (14) who 
have been quite unable to confirm the experimental results. (See also 67.) 
The isolated smooth muscle method is extremely delicate, and this fact 
renders it necessary that workers who employ it should be very critical 
of any results obtained. 

D. CHEMICAL REGULATORS WHICH ARE NOT “INTERNAL SECRETIONS.” 
A great deal of work has been done on “chemical regulators” apart 
altogether from any question of “internal secretion.’’ Sharpey-Schafer 
(89) says that evidence is accumulating that special autacoid substances 
may be produced as the result of stimulation of efferent nerves: such 
autacoids may assist or prolong the effect caused by stimulation of the 
nerve. Thus it has been found that stimulation of the vagus or of the 
sympathetic fibers leading to the heart provokes the appearance of 


1 As has been pointed out on several occasions, it is difficult, on this assumption, 
to explain the occurrence of the substance in male animals. 
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chemical substances in the auricle, which, when applied by perfusion to 
another heart, cause either inhibition or weakening, or acceleration and 
augmentation of the beat according to whether the vagus or the sym- 
pathetic fibres of the first heart were stimulated. Similarly it has been 
found that the contraction of both skeletal and of plain muscle is ac- 
companied by the production of autacoid substances—in the latter case 
possibly cholin—which may themselves cause a prolongation of the 
contractions. The authors quoted as supporting this view are O. 
Loewi (71, 72, 73), Geiger and Loewi (43), Brinkman and van Dam 
(16), L. Jendrassik (65), Ten Cate (93), H. Fredericq (42), and Brinkman 
and Ruiter (17). 

On the other hand, L. Asher (5), J. F. and C. Heymans (59), FE. and 
P. Gley (44) and others have obtained negative results. 

An autacoid substance which is concerned with heart movements has 
been described by Haberlandt (46, 47, 48, 49, 50). This worker states 
that his substance is something quite different from Loewi’s ‘ Accel- 
erans-substanz”’ and is obtained by alcoholic extraction of heart muscle 
or from Ringer’s fluid in which pieces of heart muscle have been allowed 
to continue beating for some time. The substance has the effect of 
increasing the force and frequency of the heart beat, or even of starting 
the beats once more after they have ceased for a long time. 

It is too early to come to any definite conclusion as to the significance 
of allthis work. Here, as in other problems, it is difficult to distinguish 
between pharmacodynamical and physiological phenomena. In the 
case of many of the papers a doubt arises as to the number and adequacy 
of the control experiments. 

A kind of pathological autacoid has been described. It is said that 
the blood of patients suffering from high blood pressure contains a sub- 
stance which when injected into rabbits will raise their blood pressure 
(30). Curtis, Moncreiff and Wright, working in my laboratory, have 
found it impossible to confirm this (28). 

Lewis (70) has urged the claims of histamine or some “histamine- 
like”? substance to rank as a ‘‘chemical regulator” or an ‘“‘autacoid.” 
He reports that when a solution of histamine is punctured into the skin 
it gives rise to 1, a local dilatation of the capillaries, venules and arteri- 
oles by direct action; 2, a widespread dilatation of surrounding arterioles, 
resulting from a local axon reflex, and 3, a locally increased permeability 
of the wallsof minute blood vessels by direct action. This total reaction 
is termed the “type reaction” and leads to local edema of the skin. The 
vascular reactions of the skin to stroking, scratching or burning are 
identical with those of the type reaction. Lewis concludes that the 
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reactions result from the liberation of a chemical substance in the skin, 
this substance having a ‘‘histamine-like”’ action on the blood vessels 
and nerves. 

Burn and Dale (19, 20) report that when the general arterial pressure 
of a spinal preparation has fallen to a low level, through failing efficiency 
of the spinal vasomotor centres, injection of a small dose of histamine 
still causes a definite, though often relatively trivial, further fall of the 
arterial pressure. This fall, however, is frequently followed by a 
secondary rise of the pressure, which may be very considerable. The 
secondary rise does not occur if the adrenal bodies be extirpated. Burn 
and Dale also find that the effect of adrenin in small doses is a small 
primary pressor effect followed by a more considerable depressor effect. 
They conclude that there is evidence that a secondary pressor effect of 
histamine is due to accelerated output of adrenin, and that the depressor 
effect of small doses of adrenin is also a secondary effect, due to liberation 
of a ‘‘histamine-like principle.’”’ (See, however, 74 and discussion on 
p. 315.) The authors put forward some evidence which seems to point 
to the lungs in particular as a source of the “histamine-like”’ antagonist 
toadrenin. Capillary tone, on this theory, is under the balanced chem- 
ical control of adrenin on the one hand and this “‘histamine-like” 
substance on the other.? 

Le Heux (56, 57, 58) has put forward the theory that choline is to be 
regarded as the autacoid substance of gastro-intestinal motility, and the 
view is supported by Abderhalden and Paffrath (1). Mulinos (79), on 
the other hand, is unable to confirm the statements on which the theory 
is based. 

E. NOMENCLATURE. A survey of the nomenclature of internal secre- 
tion and other processes of chemical regulation may be of value, not 
only because the words coined for things or processes are a reflection 
of current views, but also for the reason that the words, once they 
become current, play a large part in moulding the ideas of teachers and 
learners. 

By the older writers the “ consensus partium”’ was supposed to depend 
on the nervous system. The modern ‘‘Syzygiology”’ (cifvyos, yoked 
together) is supported largely by chemical considerations (99). The 
doctrine of internal secretion as it is taught today was founded by 
Claude Bernard (9) and Brown-Séquard (18). Bernard (9) stated in 
very explicit terms that certain organs, such as the spleen, the thyroid 


2Since the above was written Dale has, I believe, abandoned the theory in 
question. 
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body, the suprarenal capsules and the lymphatic glands, furnish an 
internal secretion. 


In 1905 Starling introduced the word “hormone” (6pyaw, to stir up, 
arouse, or excite). The word soon came into general use and was com- 
monly employed as synonymous with ‘internal secretion,” though it 
was defined as meaning a ‘chemical messenger.’’ Now the word itself 
implies neither a chemical nature nor a messenger’s duties. As pointed 
out by Sharpey-Schafer, the expression “hermone”’ (Epuns, Mercury) 
might have been used if the intention.had been to convey the idea of a 
messenger. But as I have indicated on previous occasions it is not clear 
that we need a word to mean ‘‘chemical messenger.”’ The substances 
poured into the blood-stream by the organs of internal secretion do not 
deliver a message and then return to their central office. In many cases 
they stay where they are sent and perform the functions of workman, 
agitator, policeman or drug. As pointed out by Hoskins, the term 
hormone has little more than usage* to commend it. The word means 
an excitor but various substances called by this name actually depress 
bodily functions. 

In 1911 Gley introduced the term ‘‘harmozone”’ (apyotw, I govern or 
regulate) to apply to substances which regulate chemical processes and 
functions. The harmozones are further divided by him into three 
groups: 1, helping in nutritive exchanges; 2, serving to maintain the 
composition of the blood and lymph; and 3, having a morphogenetic 
function. According to Gley, Starling’s term ‘hormone’ should be 
retained for specific functional excitants. Gley has also recommended 
another word parhormone, to be used for such substances as COe, which 
he considers not to be true hormones but waste products having an 
accessory excitatory role. It is probable that the action of CO» on the 
respiratory centre may be regarded as a simple pH change, which could 
scarcely be called a “hormone.” 

When it became recognized that the ‘‘internal secretions” (or chemi- 
eal regulators which are not internal secretions) do not allactasexcitants 
(vide supra) the need for new nomenclature was felt. As a result, in 
1913 Sharpey-Schafer suggested two new terms. ‘The word ‘‘ hormone” 
he points out, should be restricted to excitor secretions, while for those 
with inhibitory or relaxing actions he would use the word “chalone”’ 
(xa\aw, to make slack or relax). For an expression to include both 
hormones and chalones Sharpey-Schafer advises the term ‘ autacoid sub- 
stance’? (axos, a remedy, and auvos, self), to denote any drug-like prin- 


$ And, it may be admitted, a certain euphony. 
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ciple produced in or extracted from the organs and tissues of the body. 
So that we have, according to-Sharpey-Schafer the ‘‘autacoid sub- 
stances,”’ divided into two groups, hormones or excitants, and chalones 
or depressants. The introduction of these terms and the classification 
involved, while it appears to remove an obvious objection to the original 
use of the term “hormone’’, has not improved the situation very materi- 
ally. The term “hormone” will now appear in the literature employed 
in two different senses, and would have an ambiguous significance 
depending on whether the newer or the older usage were understood. 
But the most serious objection to Sharpey-Schafer’s classification is one 
which was pointed out by himself, namely, that it is not feasible to clas- 
sify ‘chemical regulators’’* as exciting or depressing. Thus adrenin 
excites some tissues while it depresses others. For example, in small 
doses it causes the skin vessels to constrict while those of the underlying 
muscles dilate. Again, the effect of adrenin on certain tissues may be 
either excitation or depression, according to the dosage. Thus, although 
moderate concentration of adrenin passed through the blood-vessels of 
skeletal muscles causes augmented venous outflow, larger quantities 
result in a diminished flow. A similar reversal of effect with change of 
dosage has been reported in the lungs (Hoskins, 62). 

As Hoskins points out, the attempt to meet the difficulty by the 
assumption that the process is actually excitation in each instance—in 
the one case augmenting, and in the other depressing mechanisms being 
involved—merely raises the question as to the nature of inhibition. 

Hoskins thinks that the word autacoid is hardly a happy selection, 
for the word drug connotes a foreign substance, whereas internal secre- 
tions are precisely the opposite. But this criticism surely overlooks the 
“aut’”’ part of the word which implies “‘self.”’ If the term be used to 
mean a drug formed in the body, there is no objection to it; indeed, it 
seems to me that it is the best which has been proposed. The drug-like 
bodies or chemical regulators may be appropriately referred to as 
‘“autacoid substances” or “‘autacoids.’® Only some of these could be 





‘I have here, as in some other places, used this expression where originally 
‘internal secretion’’ would be used. The explanation is given above. 

5T have before me an announcement of a joint meeting of the Biochemical 
Society and the London Section of the Society of Chemical Industry to discuss 
“The scientific and industrial problems presented by the hormones, the natural 
drugs of the body.’”’ If the intention was to describe ‘‘natural drugs,” it is a 
pity the term ‘‘autacoid’’ could not have been used, since the word was coined by 
Sharpey-Schafer for this purpose. The term “hormones’”’ as explained above 


does not imply ‘‘the natural drugs of the body’”’ but simply the idea of some kind 
of stimulators or excitors. 
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called ‘internal secretions,’’ namely, those which are the products of a 
specialized “‘epithelial,”’ “‘glandular”’ organ or tissue. 

The same kind of criticism as was offered to the terms “hormone” 
and “‘chalone”’ applies of course to any attempt to classify autacoid 
substances into “hypertensive “and ‘‘hypotensive.’’ The uncritical 
use of the method of extracts led Livon to divide the glands of the body 
into two groups, according as their extracts cause a rise or a fall of blood- 
pressure when injected into the veins of an animal. Other writers hold 
similar views. If we insist on making such a classification, it follows 
that we have to place the chromaphil tissues and the nervous portion of 
the pituitary in the first group, and all the other organs and tissues of 
the body in the second group. Moreover, as we have seen, the chroma- 
phil tissues furnish a substance which in small doses is hypotensive while 
in larger doses it is hypertensive.° 

The word endocrine is very generally employed as an adjective ap- 
plied to internally secreting organs, their functions, and their products, 
and in antithesis to exocrine. Among a certain number of American 
writers ‘endocrine’ has been made into a substantive and we fre- 
quently hear or read of the “endocrines”’ as a generic term to include all 
the organs of internal secretion, or the products of the manufacturing 
druggists. 

Matthews has made use of the expression “cryptorhetic’’ (xpurrés, 
hidden, and féw, to flow) as applying to the structuresfurnishing internal 
secretions. The term has the advantage of being non-committal in 
respect of any theory as to the way in which the substances are produced 
or in which they act. It isin this respect better than ‘“‘endocrine”’ 
(Evdov within, and xpuw, to separate) or “internal secretion” for both 
these terms imply some kind of “secretion.”” ‘“Jncretion’’ is now 
frequently used. If its antithesis ‘“excretion’’ be used it would mean 
ordinary secretion. Noél Paton (82) considers that our present ter- 
minology is at fault because it does not correspond to the most reasonable 
view of the mode of action of the substances we are considering. He 
thinks that the “internal secretions’ play a part similar to that of the 
salts of the blood in maintaining the efficiency of the heart’s action. 
“A certain minimum amount of each seems to be essential, and some 
proportion between the amounts of each must be maintained if the 
metabolism is to continue in its normal course . . . . . Such a concep- 


® See, however, pp. 314-315. 
* And by this term it is supposed he would include autacoid substances which 
are not secretions. 
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tion is more in accordance with the facts which we possess than that of a 
series of hormones or excitors calling forth the activity of the various 
tissues.’’ This mode of presentation would agree fairly well with what 
we know of the part played by the active principle of the thyroid body 
in relation to the metabolism of the organism. Paton does not say defi- 
nitely that the internal secretions or autacoid substances act as catalytic 
agents, though other authors have not been so careful (52). As Starling 
(91) points out we should not speak of catalysis—i.e., a hastening of a 
chemical action-—unless we have some definite chemical action in mind. 
“In the case of these hormones, as in the case of drugs such as alkaloids, 
we have not the remotest idea how they work. It may be that their 
action is by catalysis of one or other of the reactions which occur in the 
series making up the life of the cell, but there is no evidence for or 
against such a statement, and there is a distinct danger that by putting 
the action of drugs or hormones into such a category, we may forget our 
ignorance and refrain from further attempts at an analysis of the man- 
ner in which they work” (91). 

The terminolgy of organs and tissues concerned in, or supposed to be 
concerned in, the formation of internal secretions, is still somewhat 
chaotic. Wherever the writer is persuaded that the organ in question 
is in truth engaged in this function, there is a tendency to call it a 
“gland,’’ rather than simply a “‘body,”’ a “nodule,” a ‘‘corpuscle,” or 
what not. Thus, in place of the old “suprarenal capsule”’ the modern 
tendency is to refer to the “suprarenal or adrenal gland.’’ The same 
applies to the thyroid, parathyroids and pituitary. The danger is that 
having ence called a structure a gland, the assumption that it secretes is 
often made without sufficient evidence. This has been the case with 
several structures, such as the lymph nodes and the thymus. The term 
‘“ductless glands”’ is still sometimes used, but is not quite satisfactory, 
because it excludes certain of the glands with ducts which are generally 
admitted to furnish both external and internal secretions, as in the case 
of the pancreas.* 

The nomenclature of the individual organs varies very considerably 
among different writers. The adrenal gland or body is usually divided 
into a cortex and medulla, and these terms are useful, nay, necessary in 


§ Here, it is true that many people would maintain that the ‘‘ductless glands”’ 
of the pancreas, which supply the internal secretion, are the “‘islets of Lang- 
erhans.’’ Many also would hold, on a much slighter basis of evidence, that in the 
reproductive organs, the ‘‘ductless gland’’ is made up of the interstitial cells. 
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everyday work, but punctilious writers are only doing their duty when 
they remind us that the term adrenal gland should be applied to the 
“cortex’’ and that the “medulla” is simply a collection of “ chromaphil 
cells”’ which has insinuated itself into the adrenal gland or body. The 
cortex is frequently referred to as the “‘interrenal”’ gland, organ or body, 
because its homologue in elasmobranch fishes is placed between the two 
halves of the kidney. What I have referred to as “‘chromaphil’’ cells, 
are perhaps more frequently called “chromaffin.’’ The former term is 
the more desirable because it is nearer to Stilling’s original ‘‘chromophil.”’ 
“Chromaffin” was quite unnecessarily introduced by Kohn. All that 
was needful was to alter the “o” to “a” and make the word “chroma- 
plul”’ instead of “‘chromophil’’, which of course means simply ‘deeply 
staining. ”’ 

The terminology applied to the active principles, the ‘‘autacoid sub- 
stances” themselves, is very confused. For the substance extracted 
from the chromaphil tissues there are names without end. Among the 
older and better known are “epinephrin,” “sphygmogenin,” “‘adrena- 
lin,” “hemisin,” ““paraganglin” and “‘myosthenin.”’ ‘‘Adrenalin,” how- 
ever, is the term most commonly used; but it is obviously an advantage 
to adopt a name which has no commercial attachments and Sharpey- 
Schafer suggests ‘“‘adrenin.”” This term should be used whenever 
reference is made to the substance as a chemical entity and not to some 
particular commercial preparation. To designate the pure active 
substance of the thyroid, Kendall introduced the name “thyroxin,” 
which has been widely adopted. The active constituents of the pitui- 
tary body are called by various names,—‘ pituitrin,”’ “ hypophysin,” 
“tethelin,’’ etc. The active principle or principles have not yet been 
obtained in a pure form. ‘Spermin”’ is often used for the autacoid 
substance of the testis, but it seems clear that the nitrogenous body to 
which this name was given has little or no relation to the actual “internal 
secretion’”’ of the testicle. Oestrin has recently come into use. 

The name “insulin’’ was first applied to the autacoid substance of the 
pancreas by de Meyer (77) in 1909, and the word was later inde- 
pendently used by Sharpey-Schafer (89) in 1916, and by the Toronto 
workers in 1922. 

There are many Greek-Latin hybrids in common use, and to these 
Hoskins rightly takes exception. But it is much more important to see 
to it that the words in their philological structure and obvious meaning 
should correspond with the most approved notions as to their nature 
and activities. 
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F. METHODS OF PREPARING EXTRACTS OF ORGANS AND TISSUES. This 
subject is very complicated from every standpoint. So far as I am 
aware there has been no previous attempt to review the whole ground 
in its more general aspects. There can be little doubt that many of the 
preparations which are in general use for medicinal purposes are quite 
inactive and this even where by proper methods powerful principles may 
be prepared. A difficulty which faces us at the outset consists in decid- 
ing whether a pharmacodynamical effect is due to a substance originally 
occurring in the tissue or whether it is result of some change arising from 
the physical and chemical manipulations employed in the making of the 
extract. Even if the latter be the case, it is not impossible that the 
substance formed might be normally produced in the body by processes 
of a different nature. This question is of course quite separate from 
that which concerns itself with the autacoid or secretory nature of the 
material. 

Many of the earlier investigations upon tissue extract were carried 
out with the adrenal bodies. Before the discovery of Oliver and Schafer, 
Pellacani (83), both alone and in conjunction with Foa (84), had used 
filtered aqueous extract of fresh adrenal body, and had administered 
this subcutaneously. Oliver and Schifer employed extracts of the 
adrenal bodies prepared with water, with alcohol of various strengths, 
and with glycerine. They were made either by digesting an ascertained 
weight of the fresh gland or of the dried gland in these menstrua, or, in 
addition, by boiling the infusion for a few minutes. When an extract 
made with alcohol or with glycerine was injected it was diluted with 
water or salt solution and an equivalent amount of alcohol and glycerine 
diluted with water to the same extent was injected into the animal as a 
control. Extracts were also prepared with absolute alcohol, ether, 
nigroin, and various other solvents. These were evaporated to dryness 
and the residue was either dissolved or suspended in water or salt solu- 
tion and thus injected. Oliver and Schafer observed that with alcohol 
and ether absolutely free from water no active principle whatever was 
extracted by those fluids provided that perfectly dehydrated gland 
substance was used. The presence of a small amount of water in the 
alcohol or the water which enters into the composition of the normal 
fresh gland was sufficient to enable the alcohol to take up a certain 
amount of active material. Care was always taken to employ solutions 
which had been filtered free from all obvious particles. 

A method very frequently employed and consisting in only a slight 
modification of the principal method of Oliver and Schifer is that of 








302 SWALE VINCENT 


“saline decoctions”. The tissue is chopped fine or passed through a 
mincing machine, ground up in a mortar with sand or powdered glass 
and the result diluted with normal saline solution. The fluid is momen- 
tarily raised to the boiling point and a drop or two of acetic acid added. 
It is then passed through a filter paper in the ordinary way. 

Such a saline decoction contains some protein, although the greater 
part may have been removed by the boiling in an acid medium. Pro- 
teoses and peptones are also present. In the case of many tissues, if 
not in all, choline and histamine can be found in the saline decoction. 
There are, of course, large numbers of other substances, among which 
one or more have a depressor action. The extracts prepared in this way 
should always be re-filtered before use, especially if any particles become 
visible. Filtering through a Chamberland filter is very desirable. 
Observations on the filtration of insulin have shown that the reaction 
of the fluid must be well removed from the iso-electric point of the active 
principle. It is usually safe to adjust the reaction to the acid side, i.e., 
pH 3. Shaking with benzene will get rid of the phosphatides and render 
the preparation less liable to cause clotting of blood. A saline decoction 
of the appropriate tissue will contain adrenin, secretin, and the active 
principles of the thyroid and pituitary bodies. 

Brown-Séquard (18) prepared his famous testicular extracts by the 
simple process of cutting the tissue into small pieces, pounding in a 
mortar, adding water and filtering. This last process, of course, he found 
very difficult and the filtrate was turbid or opalescent and pinkish in 
colour. The preparation was a “protein extract’’ and would have been 
dangerous if intravenously injected. 

Such acid, watery, or saline decoctions, if prepared from the duodenal 
mucous membrane, will be found to contain secretin. Bayliss and 
Starling (7) used hydrochloric acid and in such quantities that the 
extract had to be neutralized before injection. Dale and Laidlaw (29) 
ground up the mucous membrane with mercuric chloride. Two cubic 
centimeters of water were added for each gram of tissue. The mixture 
was then boiled and filtered, the filtrate being rejected. The solid 
matter was then dried and placed in a solution consisting of 2 per cent 
acetic acid and 1 per cent mercuric chloride. After boiling and fil- 
tering, 10 per cent sodium hydroxide was added to neutralization, judged 
by the fact that the yellow precipitate of mercuric oxide would just not 
remain permanent. On standing, a precipitate of a mercury compound 
of secretin fell down. This was suspended in water and freed from Hg 
by means of hydrogen sulphide. The insoluble mercuric sulphide was 
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filtered off and the solution was neutralized. After boiling off the 
sulphuretted hydrogen, a strongly active solution was obtained. Picric 
acid will also precipitate the active principle. Various other methods 
may be employed. The amount of secretin produced seems to be inde- 
pendent of any particular acid radicle. Secretin may also be extracted 
by alcohol, strong soap solutions, or sodium chloride. It is said that a 
powerful secretin preparation may be prepared by precipitating secretin | 
solutions by means of acetone. Mellanby (76) has recently used a 
method in which the secretin is extracted by absolute alcohol and 
absorbed by bile salts. It would appear that preparations made in this 
way are more active than those prepared by the methods just described. 

A saline decoction of pancreas prepared as described above will be 
found to contain a certain amount of insulin. But the methods which 
have been employed for the clinical and commercial products are very 
numerous. Alcohol, water, acetone, are used as solvents, benzoic acid 
to carry down the insulin when it is precipitated, ammonium sulphate 
to precipitate the active substance. Both acid and alkaline processes 
are employed for extraction. 

Among the aqueous methods that of Dodds and Dickens (35, 36) 
deserves special mention, as its application has so materially reduced the 
cost of production. This method depends upon the fact that these 
workers were the first to observe that insulin picrate is soluble in 70 per 
cent aqueous acetone, whereas the inactive picrates are insoluble. Ow- 
ing to the difficulties attending aqueous extraction, picric acid is applied 
directly to the tissues, which are then extracted with acetone. The 
pancreas is minced and stirred with powdered picric acid. The picrate 
is then extracted with acetone, filtered, and the filtrate distilled in vacuo 
at about 50°C. until all the acetone is removed.. From the aqueous 
residue a deposit of the amorphous precipitate of the picrate separates. 
This is now converted into the hydrochloride by dissolving in acid alcohol 
and precipitating by acetone. It is then washed with acetone and 
ether and then dried in a vacuum desiccator. 

If the autacoid substance provided by an organ or tissue be present 
in lipoid form or in lipoid combination, the preceding methods will not 
serve to extract it, or at any rate will not be most suitable for this 
purpose. This applies to the active principle of the ovary, and probably 
to those of the testis, the corpus luteum, the adrenal cortex and others. 

In regard to the ovary, it is curious that some of the earlier work 
seemed to show that the substance which gives rise to oestrus may be 
present in aqueous extracts. In the year 1902 the present writer, in 
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conjunction with Dr. F. H. A. Marshall, observed slight signs of the 
oestrous condition after subcutaneous injections of aqueous decoction of 
ovary. Since then Marshall and Jolly have reported that “heat’’ or 
a transient condition resembling it can be produced by the injection of 
aqueous decoction of oestrous ovaries. The changes brought about do 
not seem to have been true cyclic growth processes, but simply transient 
circulatory effects. In 1912 Adler (3) reported the production of 
artificial oestrus in animals by the injection of aqueous extracts of 
ovaries. 

In 1912 also Iscovesco (63) extracted ovaries with alcohol and obtained 
a fatty substance which he reported to contain the active principle. 
This work has been greatly advertised commercially in France. Fell- 
ner (41) showed that the active principle is thermostable and soluble in 
alcohol, ether and acetone. Similar results have been obtained by 
several workers, notably by Hermann and Frinkel (54, 55). These 
workers extract with alcohol, filter, and the filtrate is evaporated to 
dryness. The residue is extracted with ether, and acetone is added to 
precipitate the lipoid. The active principle remains after the solvent 
has been removed by distillation. As much cholesterol as possible is 
separated from it by fractional crystallisation, and the material is 
distilled in vacuo at 190°C. 

But the discovery by Stockard and Papanicolaou (92) that a vaginal 
smear may be used as a test of the precise oestrous condition of the 
animal, opened a new chapter in the history of the subject. Allen and 
Doisy (4) used a method which did not differ materially from that of 
Herrmann and Frinkel, but they employed the vaginal smear method of 
determining the actual onset of oestrus. They appear to be of the 
opinion that the active principle is found mainly in the liquor folliculi. 

Dickens, Dodds and Wright (32) have employed a slight modification 
of the method of Herrmann and Friinkel (employed also by Allen and 
Doisy). Pigs’ ovaries are extracted with alcohol. After stirring, the 
mixture is pressed out in a hand press through jean, and the solid mater- 
ial is then extracted in a Soxhlet apparatus with alcohol for 6 to 9 hours. 
The alcoholic extracts are then combined and filtered. The filtrate is 
evaporated almost to dryness in vacuo and the residue is taken up in a 
small volume of alcohol and filtered. On standing, a precipitate of fats 
and cholesterol separates. This is removed by filtration. The solution 
is again evaporated to dryness, and the residue dissolved in a small 
quantity of ether, and twice its volume of acetone is added. The 
precipitated lipins are filtered off. The solid material is then redis- 
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solved in ether and again precipitated with acetone. This process is 
repeated several times. The filtrates are then combined, and evapo- 
rated to dryness. The residue is dissolved in a small quantity of alcohol, 
and some cholesterol is removed by freezing. By repeating this process, 
the greater part of the cholesterol can be removed. The final product 
is obtained by distilling off the alcohol in vacuo. 

In conformity with the results of the earlier workers (vide supra), 
Dickens, Dodds and Wright obtained a certain small amount of active 
substance from watery extracts. But they believe that this does not 
imply that the autacoid is soluble in water. It is only a kind of emulsion 
which is obtained at the beginning of the process. 
apply to the active extracts of the earlier workers. 

Quite recently Ralls, Jordan and Doisy (85) have dispensed with the 
acetone precipitation of phospholipins and employ petroleum ether to 
get rid of cholesterol. 

A method of the same type is employed by Robertson (86) for the 
extraction of “tethelin’”’ from the anterior lobe of the pituitary body. 

Stress has been laid upon the details of extraction of the active sub- 
stances from the ovary, because the work is new and is typical of methods 
which are likely to be employed very largely in the future (see 81). 

The autacoid substance of the parathyroid has claimed a great deal 
of attention within recent years. Collip and his co-workers (21, 22, 23, 
24, 25, 26) have reported that the active principle may be extracted by 
digesting the glands with 5 per cent hydrochloric acid at 100°, and the 
product is obtained by a series of iso-electric precipitations from the 
digest fluid. When injected subcutaneously into dogs the serum cal- 
cium content can be raised. Collip was of the opinion that herbivor- 
ous animals are resistant to the parathyroid principle, but Davies, 
Dickens and Dodds (81) have found that a uniform rise in serum calcium 
can always be provoked in rabbits by the injection of suitable quantities. 
These observers consider that the specificity of the parathyroid autacoid 
substance remains to be proved, since they find that an extract made 
from pancreas by Collip and Clark’s method gives marked rises in the 
serum calcium content. Insulin, and to a less extent, pituitrin, also 
raise the serum calcium content. Davies, Dickens and Dodds report 
that the active substance may be extracted from the parathyroid by 
means of the acetone picric acid process. 

Exactly similar results were found when tissues other than the pan- 
creas were extracted for insulin. Baker, Dickens and Dodds (6) studied 
the distribution of insulin in human cadavers, and found that even the 


This would of course 
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pancreas of a diabetic contained appreciable quantities of insulin. Best, 
Smith and Scott (13), working with depancreatised dogs, were able to 
demonstrate the presence of insulin in the muscles. These observations 
throw doubt upon the specificity of insulin as the internal secretion of 
the pancreas. 

Krumbhaar (69) calls attention to the report of Hall and Ablahadian 
that the intravenous injection of a splenic extract into rabbits causes a 
marked rise in blood calcium, and states that his own work confirms 
this result “to a certain extent.” 

G. THE PREPARATION OF PURIFIED ACTIVE PRINCIPLES. If adrenin be 
actually the autacoid principle of the chromaphil tissues then the chem- 
ist has finished his work. The substance can be separated in crystalline 
form from the tissues or it can be synthesised. Its chemical con- 


stitution is 
HO CH(OH) - CH.- NH- CH; 
HO 


The fresh tissues are extracted with acidulated water (Takamine) or 
with alcohol (Abel), but the details of preparation must be sought in the 
original. (See also Dodds and Dickens (37).) 

With regard to the active substance of the thyroid, we are not on such 
sureground. The thyroid principle is only sparingly soluble in water, and 
the process employed by Kendall for the isolation of his “thyroxin’’ was 
hydrolysis by means of alcoholic sodium hydroxide. Kendall obtained 
only 33 grams of thyroxin from three tons of fresh gland. Harington 
(51, 52) found that hydrolysis with barium hydroxide gives better re- 
sults, and yields 0.027 per cent of thyroxin. He holds different views 
also as to the chemistry of the active substance. 

Starting with desiccated thyroid substance Harington subjects the 
material to a preliminary hydrolysis by boiling for some hours with 10 per 
cent solution of crystalline barium hydroxide. The solution is then 
filtered and the filtrate is acidified with hydrochloric acid and the precipi- 
tate (after dissolving in water with the aid of ammonia) is treated with 
40 per cent crystalline barium hydroxide and subjected to a further 
hydrolysis. The solution is filtered hot and the precipitate ground up 
and suspended in 10 per cent sodium hydroxide. The solution is boiled 
and treated with sodium sulphate and filtered from barium sulphate. 
The filtrate is boiled and treated with sulphuric acid and the boiling is 
continued. The heavy precipitate is dissolved in sodium hydroxide, 
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alcohol is added to about 80 per cent concentration, the solution is 
filtered from a small amount of tar, brought to the boil and treated with 
10 ec. of 33 per cent acetic acid; thyroxin thereupon separates in a 
partially crystalline condition. The yield is about 0.12 per cent of the 
dried gland and the empirical formula is given as C,;H,,O.N Iu. 

As a means of investigating the chemical constitution of thyroxin, it 
is desirable first of all to get the substance free from iodine. This is 
achieved by the use of the palladium hydroxide-calcium carbonate 
catalyst of Busch and Stéve. On shaking a 1 per cent solution of 
thyroxin in N potassium hydroxide in an atmosphere of hydrogen with 
the catalyst the iodine is split off as potassium iodide and iodine free 
thyroxin (desiodo-thyroxin) is left behind. — 


Cis Hy O, NI, ate 4 H, = Cis His O, N - 4HI 


Desiodo-thyroxin. 


Desiodo-thyroxin gives Millon’s reaction and the ninhydrin reaction 
and yields the whole of its nitrogen with nitrous acid in Van Slyke’s 
apparatus; it forms salts with acid and alkali; it is probably therefore 
an a-amino-acid with at least one phenolic group. On fusion with 
potassium hydroxide p-hydroxy-benzoic acid and quinol are formed, in- 
dicating the presence of two benzene rings. On exhaustive methylation, 
the product (betaine) loses trimethylamine, giving an unsaturated acid, 
C,s6HO, containing one methoxyl group, proving the presence of one 
phenolic group only in desiodo-thyroxin. Further, the splitting off of 
oxalic acid by oxidation, with the formation of a residual stable acid 
suggests that desiodo-thyroxin may be a diphenyl ether of the structure. 


HO < »-0-K CH, CH NH; CO OH 


This is the p-hydroxyphenyl ether of tyrosine. This formula is 
confirmed by synthesis and shows that thyroxin is a tetra-iodo substi- 
tuted derivative of desiodo-thyroxin. 


I I 
HO < -o-< CH, CH NH, COOH 
I I 


Harington and Barger have recently synthesized this substance from 
hydroquinone and tri-iodo-nitro-benzene. This product is indistin- 
guishable from that isolated from the thyroid. 
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The bearing of all this on organo-therapy is sufficiently obvious. _ If 
the active principles are to be retained in the final product as sold by 
the druggist, it is clear that appropriate methods of extraction must be 
employed in each case. It is of importance also that care should be 
taken in the process of manufacture that the active principle or principles 
should not be destroyed by the chemical manipulations. 

H. THE INTERRELATIONS OF THE ORGANS OF INTERNAL SECRETION. 
In no part of the subject of endocrinology is there a more striking dis- 
proportion between our certain knowledge of facts and the theories put 
forward than in that which deals with interrelations, yet the reader can 
scarcely open a medical journal without seeing some allusion to a rela- 
tionship between the organs furnishing internal secretions. Among 
clinical workers who specialize in diseases of the “‘ductless glands”’ the 
belief seems to be almost universal that derangement of any one of the 
glands in question will lead to more or less evident disturbance in many 
or all of the others. The phrase “polyglandular syndrome”’ or “ pluri- 
glandular syndrome”’ is an everyday expression in modern medical 
literature. But the clinicians are not alone in this fashion of regarding 
the subject. Investigators in the fields of experimental physiology and 
pathology have been so impressed by cases where the autacoid substance 
of one organ affects the activity of another that many of them have 
joined with the clinicians in regarding the organs of internal secretion 
as forming a system whose several functions are very intimately related 
to each other. 

It is, in fact, very remarkable that there has been so much talk about 
the interrelations of the organs of internal secretion. Nothing com- 
parable in amount has been written or said about the “interrelations” 
of other organs in the body, even when they form a definite anatomical 
and physiological series, as, for example, is the case with the digestive 
organs. It is curious, however, that there is a tendency to repudiate 
any physiological relationship in cases where the different tissues are 
most intimately associated together. Thus, I imagine that the major- 
ity of writers insist that thyroid and parathyroid are totally separate 
and independent organs. The same applies to the adrenal (cortex) and 
the chromaphil tissues, and again to the secreting tubules and the islets 
of Langerhans of the pancreas. 

It is difficult to understand exactly what kind of “system” could be 
constituted by a physiological association of the various organs and tis- 
sues which are, or which have been alleged to be, internally secretory. 
In some expositions of the subject the “system”’ is said to embrace not 
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only the adrenal bodies, the thyroid glands, and the pituitary, thymus, 
parathyroid and pineal, but also the reproductive organs, the pancreas, 
liver, spleen, duodenum, small intestines generally, the stomach, the 
uterus, and the mammary gland. According to other accounts, a 
“system” is made up of brain, thyroid, adrenal, liver, pancreas and 
muscles. It is commonly believed that the whole of the sympathetically 
innervated organs and tissues are under the control of the chromaphil 
tissues. It is alleged that the carbohydrate metabolism of the body is 
under the conjoint control of the central nervous system, the liver, the 
pancreas, the intestine, the chromaphil tissues, the thyroids and para- 
thyroids, and the pituitary. Various other schemes of relationship have 
been suggested, so that it becomes impossible to form any concept of all 
the asserted possible relationships. 

As I have pointed out on a previous occasion, a summary of the 
various connections just enumerated would amount to nothing more 
than an enunciation of the statement that the various organs and tissues 
of the body are functionally related to each other. It is not rare, 
however, to find an enthusiastic “endocrinologist”? who believes that 
the organs of internal secretion dominate the whole of the bodily activi- 
ties, normal and pathological, and are to be placed even above the 
nervous system in the hierarchy of organs. More than in any other 
branch of “endocrinology” there has been undue haste in formulating 
theories of interrelationships. Perhaps the clinicians have been on the 
whole greater offenders than the laboratory workers, and especially does 
this apply to the therapeutic application of theories of co-related 
disturbances. 

Anyone who has approached the subject of internal secretion from the 
standpoint of comparative anatomy will look with grave suspicion on 
any theory which postulates that all the various internally secreting 
structures are specially related to each other, that they form a “system.” 
From a morphological standpoint it is difficult or impossible to arrange 
all these structures in any kind of coherent series. There are many 
reasons for regarding the thyroid, parathyroids and thymus (along with 
certain less important branchial cleft organs ) as morphologically related. 
Some authors regard the thymus as closely related to the thyroids and 
parathyroids from a physiological as well as a morphological standpoint. 
The glandular portions of the pituitary body may possibly be included 
in the same morphological group, but it must be remembered that the 
origin of the different organs mentioned is by no means identical. The 
only embryological feature common to all of them is that they arise 
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from some part of the primitive alimentary canal or its vascular out- 
growths, the gill-clefts. The pituitary body arises from the ectoderm, 
while the branchial cleft organs are of entodermal origin. 

In the region of the reproductive organs are found various types of 
“epithelial organ,’’ notably the adrenal cortex. It has often been 
supposed that the corpus luteum and the “interstitial” cells of ovary 
and testis may belong to the same group. But, notwithstanding the 
enormous literature, the subject remains obscure. 

According to the common view, the chromaphil tissues should be 
looked upon as glandular organs derived from the sympathetic nervous 
system and set apart to look after its interests. There is no space for a 
discussion of this subject. (See Vincent, 96.) 

It is still a matter of doubt whether the adrenal bodies (cortex and 
medulla taken together) may justly be regarded as constituting func- 
tional entities. A large number of writers would decide in the affirma- 
tive, but if the evidence be carefully examined it will have to be conceded 
that, so far as is definitely known, the chromaphil tissues have 
physiologically nothing whatever to do with the adrenal system (or 
adrenal cortex and ‘accessory cortical bodies’’ (96)). 

The pancreas, along with its islets of Langerhans, being an outgrowth 
from the alimentary canal, might be regarded as belonging to the same 
system as the branchial cleft organs. 

But in all this discussion we must bear in mind that at the present 
time we have not sufficient knowledge of comparative physiology to 
inform us with any degree of authority in how far we are justified in 
regarding morphological and embryological connections as certain proof 
of physiological relation. 

Most of the schemes of interrelationship which have been presented 
assume that the endocrine glands form a closed ring or triangle, and that 
the individual glands may be mutually antagonistic or helpful. A 
typical conception is that of Falta, Eppinger, Rudinger and Hess, which 
has been complicated and extended so as to include the pituitary 
body and the ovary. 

It seems clear that the actions of the autacoid substances on organs 
and structures other than those of internal secretion is a matter of very 
considerable importance. Those which act upon the nervous system 
will naturally exercise a far-reaching influence on the whole body. 

Again an organ which modifies the circulation of the blood will affect 
the nutrition and functions of many parts. Further, any variations in 
general metabolism brought about by an organ will produce changes in 
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the whole organism. Such effects are probably of more potency than 
mutual actions of the various glands upon each other. 
The changes produced in this way may be in the direction either of 


“Hemmung” or “Bahnung.’”’ Many examples will be found in the 
literature. 


A scheme given by Weil (99) will serve as an example: 
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From the scheme the mutual interdependence of the glands would be 
shown, for example, by deficiency of the pituitary body, in which case 
the secretion of the ovaries would be increased, and, conversely, if the 
ovaries are deficient the secretion of the pituitary would be increased. 
It will be observed that no place is found for the adrenal body (the 
so-called “cortex’’) only for the chromaphil tissue. Again, a well-known 
relationship between thyroid and pituitary is not represented. If, 
indeed, all the known or suspected relations were embraced in a single 
diagram this would be too complicated to serve as a guide and would 
lead to hopeless confusion. 

From the considerations outlined above it is clear that at the present 
time it is impossible to present any scheme of definite interrelationship 
between the various glands of internal secretion. The influence of the 
internal secretions on any organ or function depends not only on mutual 
actions of these secretions, but upon their action on various bodily funce- 
tions, including the nervous activities and widespread chemical 
processes. 

Notwithstanding what has been just said, it may be of some interest 
to consult a more circumstantial account of many of the various known 
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or alleged interrelations of the organs of internal secretion. The first 
authoritative summary of this subject was written by Hoskins (60) in 
1911, and a later treatment by the same author was undertaken in 1922 
(61). A still later compilation was made by Vincent in 1924 (96). 

I. METHODS OF ADMINISTRATION OF AUTACOID SUBSTANCES. If one 
judged by the lists of endocrine products advertised by the druggists 
it would be imagined that all the physiological and therapeutic effects 
of the various organs and tissues could be produced when they are 
administered by the mouth. So far is this from the true state of affairs, 
that it may be said without much risk that none of them, except thyroid 
preparations, produce any appreciable effects when taken into the 
stomach. 

Collip thought that his parathyroid preparations were effective when 
taken by the mouth, but this view has not been confirmed by other 
observers. Several physicians have reported changes in metabolism 
after administration of adrenal products in the same manner, and 
pituitary substance is often given in this way. But most observers are 
agreed that both pituitary and adrenal substance, to produce any ef- 
fects, must be injected either beneath the skin or into a vein. Evans 
and Long (38, 39, 40) declare that the overgrowth produced by admin- 
istration of anterior pituitary can only be observed when the substance 
is injected intraperitoneally. Many physicians continue to order 
ovarian substance to be taken by the mouth, though all the best evidence 
shows that this is useless and that ovarian material must be injected 
subcutaneously or intravenously. 

The fact must not be overlooked that many of the commercial prep- 
arations of ovarian substance do not contain the active principle, and 
so the mode of administration can be of no import. The same is prob- 
ably true of preparations of some other glands and tissues. 

J. SOME RECENT INVESTIGATIONS ON VARIOUS AUTACOID SUBSTANCES. 
1. Ovary. Among the more notable achievements since the work of 
Banting and Best on insulin in 1922, is the preparation of an active 
extract from the ovary, as described in a previous section (pp. 303-304). 
The activity of the extract is manifested in its power of bringing about 
changes practically identical with those of oestrus. This observation 
would, it might be imagined, be sufficient to establish beyond a doubt 
the “internal secretion” theory of sex-organization, as opposed to an 
alternative metabolistic interpretation. But the consideration that a 
large yield of an autacoid substance, having asimilar action to that from 
the ovary, may be obtained from the placenta, is very disturbing. 
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2. Insulin. The investigations of Dale and his co-workers have 
thrown some light on the mode of action of insulin. 

The fate of the glucose which disappears from the blood after injection 
of insulin has been the subject of much experimentation. If an 
eviscerated spinal cat be employed, it can be shown that when glucose 
is circulated through the preparations, it disappears from the blood at a 
greater rate after administration of insulin (Burn and Dale, 19). In- 
sulin is found also to increase the rate of disappearance of glucose from 
blood perfused through an isolated limb (Best, 10). 

Best, Hoet and Marks (12) showed that in the eviscerated spinal cat 
insulin causes an increase in the rate of disappearance of the sugar and 
an increase in glycogen content of the muscles. The glycogen stored 
accounts for from 40 to 50 per cent of the sugar which had disappeared 
from the blood. The experiments of Best, Dale, Hoet and Marks (11) 
show that the sugar which disappears under the action of insulin can be 
completely accounted for by combustion on the one hand and conversion 
into glycogen on the other. The effects of insulin in excess represent an 
intensification of its physiological effects. Lesser holds similar views. 

In February of the present year Abel (2) announced that he had 
prepared insulin in crystalline form. The crystals are rhombohedral and 
doubly refracting, and have a melting point of 233°C. Slight browning 
occurs at 215°C. The melting point remains constant on recrystallisa- 
tion. The crystals give the biuret reaction and the Millon test. The 
Pauly and ninhydrin reactions are also positive. The pure insulin is 
very sensitive to alkali. Tested on animals, amounts as small as 1/100 
of a milligram per kilo lower the blood sugar to about the convulsive 
level, 0.045 per cent. 

This work has not, so far as I am aware, been confirmed by other 
investigators. 

3. Pituitary. Reference has already been made (p. 312) to the work 
of Evans and Long on the growth-stimulating effect of the preparations 
made from the anterior lobe of the pituitary body. Some further details 
may suitably be given in the present section. 

The experiments of Evans and Long were carried out on rats. The 
animals were treated intra-peritoneally with the finely ground fresh 
anterior lobe of the ox pituitary, with the result that a veritable gigan- 
tism was induced. In one case, in which the experiment was continued 
for 333 days, the rat which was injected weighed 596 grams, while 
the control weighed only 248 grams. The increase in weight was partly 
due to the storage of fat, but the bones were larger and heavier, and the 
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same applies to the internal organs. It may be recalled that in tadpoles 
and amblystoma larvae it had been reported that injection of anterior 
lobe substance caused considerable hastening of growth and met- 
amorphosis. 

These results accord with the clinical evidence that the anterior lobe 
has to do with growth, and especially with the growth of bone. But 
the effect on the reproductive system is, as Evans and Long point out, 
a surprising one. Oecestrus was suppressed, but the ovaries were large 
and contained a large number of corpora lutea. The uterus, on the 
contrary, weighed only half as much as in the controls. There was 
abundant lutein tissue about the ovum in unruptured, normal follicles, 
and in atretic follicles. So that the effect of the anterior lobe substance 
had been to stimulate lutein cell transformation. 

A great deal of work has recently been carried out on the various 
pharmacodynamical actions of preparations made from the posterior 
lobe of the pituitary body. The action which was first observed (by 
Oliver and Schifer) is the pressor effect upon the mammal. This is a 
very prolonged action as compared with that of adrenin, for example, 
and the pressure often remains permanently raised. The depressor 
effect described by Schifer and Vincent after previous administration 
of pituitary, only occurs in certain circumstances, though there is very 
frequently an immunity to the pressor action. The depressor effect on 
a second and subsequent injection only occurs typically in cats under 
curare and with the use of dried posterior lobe substance (Vincent 
and Curtis (97a). Sharpey-Schafer and Macdonald (90) have shown 
that the alcohol extract containing the depressor substance reproduces 
in all respects the action of histamine. 

From the work of Verney (94) and others, the view that the blood 
contains anti-diuretic substances derived from the pituitary body, has 
received considerable support. 

4. Adrenal bodies. As first pointed out by Moore and Purinton (78) 
small doses of adrenin may lower the blood pressure instead of raising 
it. Several observers have found that this effect is only produced under 
light anesthesia. Macdonald and Schlapp (74) have recently put 
forward the view that it owes its occurrence entirely to the anesthetic. 
They report that depressor effects are only obtainable when the blood 
pressure is fairly high (over 100 mm. Hg) and when an anesthetic is 
being administered or is still present in the tissues. The fall is marked 
under ether and urethane, less marked under chloralose if no ether has 
been given just before. In the high pressure decerebrate cat from which 
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all traces of ether have been thoroughly ventilated, no such depressor 
response can be evoked. On ether being supplied to such an animal, 
the depressor response quickly returns.° 

The authors point out that if, as Burn and Dale (see p. 295) suggest, 
adrenalin vaso-dilatation be due to the production in the lungs of min- 
ute amounts of a histamine-like substance, that substance can only be 
supplied when the animal is anesthetised. The blood pressure response 
to small doses of histamine itself is little affected by the nature or degree 
of the anesthetic in a cat with high blood pressure. 

If these views be accepted, one argument often used against the tonus 
theory of adrenin activity will have to be abandoned. It is often urged 
that the minute traces of adrenin which could be poured into the blood 
under normal conditions would tend not to raise, but to lower the blood 
pressure. According to Macdonald and Schlapp, even the smallest pos- 
sible amount would help to keep the pressure up. 

5. Parathyroids. For an account of Collip’s work on the parathyroid, 
see p. 305. 

Kk. AUTACOID SUBSTANCES IN RELATION TO BIOLOGICAL PROBLEMS. 
Considerable discussion has arisen on the subject of the relation between 
old age and the failure of endocrine factors. Goodpasture in 1918 (45) 
gave a full report on the changes in senescence in dogs. A discussion 
of this paper is given by Hoskins (62), who concludes ‘‘that on the 
whole the evidence now available does not permit any very definite 
conclusions as to what extent endocrine factors play a causal réle in 
senescence. ”’ 

In regard to endocrine factors which may determine individual 
characters and personality, much has been written and most of this is of 
a highly speculative character (see 8). 

The doctrine of endocrinology has also been applied to such problems 
as evolution, heredity and morphogenesis. It is conceivable for example 
that quantitative variations in the functions of the pituitary body, if 
they occurred as racial characteristics, and if it could be assumed that 
they were of a kind which could be transmitted from one generation to 
another, might result in the production of giant or dwarf types. Sir 
Arthur Keith, in a very interesting article (66), says that ‘‘rightly con— 
ceived, Darwin’s theory of Pan-genesis is very much of the same char- 


®Curtis and myself have been able fully to confirm the observations of Mac- 
donald and Schlapp and to add the additional information that the “‘dip’’ in the 
splanchnic rise of blood-pressure does not occur in the absence of an anaes- 
thetic such as ether, urethane or chloralose. (‘‘Lancet,’’ Feb. 12, 1927.) 
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acter as the modern theory of hormones.’”’ Bolk (15) also has treated 
of the part played by the endocrine glands in the evolution of man. 
This writer insists that ‘‘the whole endocrine system is an organic unit, 
it is a sort of controlling super-organization in our somatic organism, an 
imperium in imperio.”’ (See however, p. 308 et ff.) In reviewing this 
subject Hoskins points out that there is no theoretical necessity for any 
such assumption as that made by Keith and Bolk. Whether autacoid 
determinants are actually concerned in the development of racial char- 
acteristics must be left to the future to disclose. Careful study is 
necessary, in the various races, of the endocrine organs from infancy to 
early postpuberal life, determining both their relative weights and rela- 
tive degree of activity, and particularly determining whether endocrine 
activity precedes or accompanies the appearance of the characteristics 
ascribed to it (Hoskins, 62). 

Cunningham (27) believes that there are two distinct kinds of char- 
acter in all organisms, namely, those of somatogenic origin and those 
of gametogenic origin. Somatic modifications by means of autacoid 
substances affect the determinants in the gametes. His theory supposes 
that every part of the body gives off special substances which have a 
special effect on the corresponding parts of the chromosomes. He even 
suggests that bones of different parts of the body give off different 
autacoids. In discussing the development of the antlers of the stag it 
is suggested that an exostosis formed on the frontal bone as a result of 
repeated mechanical stimulation, due to the butting of stags, gives off 
an increased quantity of intermediate waste products of the same kind 
as the tissues from which it arose gave off before. ‘These products act 
as an autacoid on the gametocytes, stimulating the factors which in the 
next generation would control the development of the frontal bone. It 
will be seen that the author makes two assumptions: 1, that all products 
of metabolism may act as autacoid substances, and 2, that acquired char- 
acters may be inherited. The first of these has been dealt with on page 
288 et ff. The second could not appropriately be discussed in this place. 


BIBLIOGRAPHY 


(1) ABDERHALDEN, E. anp U. Parrratu. 1925. Pfliiger’s Arch., cevii, 228. 

(2) ABEL, J.J. 1926. Proc. Nat. Acad. Sci., xii, 132. 

(3) ApLER, L. 1912. Arch. f. Gynik, xev, 349. 

(4) Auten, E. anp E. A. Dotsy. 1923. Journ. Amer. Med. Assoc., lxxxi, 819. 

(5) AsHer, L. 1923. Zeitschr. f. Biol., exxviii, 297. 

(6) Baker, 8. L., F. DickENs anp E. C. Dopps. 1924-5. Brit. Journ. Exper. 
Path., v, 327. 

















CURRENT VIEWS ON “INTERNAL SECRETION” 317. 


(7) Baytiss, W. M. anp E. H. Staruina. 1902. Journ. Physiol., xxviii, 325. 
(8) Berman, L. 1921. The glands regulating personality. Macmillan. 
(9) Bernarp, C. 1859. Lecgons sur les proprietes physiologiques et les altera- 


tions pathologiques des liquides de l’organisme, T, ii, pp. 411-412. 
Paris. 


(10) Best,C.H. 1926. Proc. Roy. Soc., B, xeix, 375. 

(11) Best, C.H., H. H. Dats, J. P. Horr anp H. P. Marks. 1926. Proc. Roy. 
Soc., B, ec, 55. 

(12) Best, C.H., J.P. Horr anno H.P.Marxks. 1926. Proc. Roy. Soc., B, ec, 32. 

(13) Best, C. H., R. E. Smira anp D. A. Scorr. 1924. Amer. Journ. Physiol., 
Ixviii, 161. 

(14) Buavu, N. F. anp K. G. Hancner. 1926. Amer. Journ. Physiol., lxxvii, 8. 

(15) Boix, L. 1921. Lancet, London, ii, 588. 

(16) BRINKMAN, R. unp E. van Dam. 1922. Pfliiger’s Arch., cxevi, 66. 

(17) BrRINKMAN, R.unpM. Ruiter. 1924. Pfliiger’s Arch., xxiv, 294. 

(18) Brown-Sfiquarp, C.E. 1889. Arch. d. physiol., 5iéme serie, T. i, Année 21. 

(19) Burn, J.H.anpH.H. Date. 1924. Journ. Physiol., lix, 164. 

(20) Burn, J.H.anpH.H.Date. 1926. Journ. Physiol., lxi, 185. 

(21) Couturp, J. B. 1925. Journ. Biol. Chem., I xiii, 395. 

(22) Coturp, J. B. 1925. Amer. Journ. Physiol., lxxii; Proc. Amer. Physiol. 
Soc., 182. 

(23) Couurp, J.B. ann E.P.Ciarx. 1925. Journ. Biol. Chem., lxiii, 461. 

(24) Couurp, J.B. anp E.P.Cuark. 1925a. Journ. Biol. Chem., lxiv, 485. 

(25) Couiurp, J.B. ann E.P.Cuark. 1925b. Journ. Biol. Chem., lxvi, 133. 

(26) Coup, J. B. ano E. P. Cuark. 1925¢. Trans. Roy. Soc. Can., Sect. V, 
xix, 25. 

(27) CunninauaM, J.T. 1921. Hormones and heredity. London. 

(28) Curtis, F.R., A. A. Moncreirr AND §. Wricut. 1927. Journ. Path. and 
Bact. xxx, 55. 

(29) Date,H.H.anp P.P.Larpuaw. 1912. Proc. Physiol. Soc., Journ. Physiol., 
xliv, xi. 

(30) Danzer, C.S., J. G. Bropy anp A. L. Mixes. 1926.. Proc. Soc. Exper. 
Biol. Med., xxiii, 454. 

(31) Davies, D. T., F. Dickens anp E. L. Dopps. 1926. Biochem. Journ., 
xx, 695. 

(32) Dickens, F. E.,C.Dopps anp 8. Wrieut. 1925. Biochem. Journ., xix, 853. 

(33) Drxon, W.E. 1922-23. Journ. Physiol., lvii, 129. 

(34) Dixon, W. E. anp F. H. A. Marswatyu. 1924. Journ. Physiol., lix, 276. 

(35) Dopps, E. C. anp F. Dickens. 1924. Lancet, i, 330. 

(36) Dopps, E.C. anp F. Dickens. 1924-25. Brit. Journ. Exper. Path., v, 115. 

(37) Dopps, E. C. anp F. Dickens. 1925. Chemical and physiological proper- 
ties of the internal secretions. Oxford. 

(38) Evans, H.M. 1923. Anat. Rec., xxv, 107. 

(39) Evans, H. M. ano J. A. Lona. 1922. Anat. Rec., xxiii, 19. 

(40) Evans, H. M. ann J. Lona. 1922. Proc. Nat. Acad. Sci., viii, 38. 

(41) Feuiner, O. O. 1913. Arch. f. Gynik, c, 641. 

(42) Freperica, H. 1925. Arch. internat. de physiol., xxiv, 294. 

(43) Geiger, E.anpO.Lorwr. 1922. Biochem. Zeitschr., exxvii, 174. 





(44) 
(45) 
(46) 
(47) 
(48) 
(49) 
(50) 
(51) 
(52) 
(53) 
(54) 
(55) 
(56) 
(57 

(58) 
(59) 
(60) 
(61) 


(62) 
(63) 
(64) 


(65) 
(66) 
(67) 
(68) 
(69) 
(70) 
(71) 
(72) 
(73) 
(74) 


(75) 
(76) 
(77) 
(78) 
(79) 
(80) 
(81) 
(82) 
(83) 
(84) 
(85) 


(86) 
(87) 





SWALE VINCENT 


GLEY, E.eEtTP.Guey. 1926. Compt. Rend. Soc. de Biol., xciv, 269. 

GooppastTurE, E.W. 1918. Journ. med. Res., xxxviii, 127. 

HABERLANDT, L, 1924. Klin. Wochenschr., 1631. 

HABERLANDT, L. 1924-5. Zeitschr. f. Biol., lxxxii, 536. 

HABERLANDT, L. 1925. Klin. Wochenschr., 1778. 

HABERLANDT, L. 1926. Zeitschr. f. Biol., lxxxiv, 143. 

HABERLANDT, L. 1926. Pfliiger’s Arch., cexii, 587. 

Harineton, C.R. 1925. Journ. Biol. Chem., lxiv, 29. 

HaRINGTON, C.R. 1926. Biochem. Journ., xx, 293, 300. 

Harrow, B. 1922. Glands in health and disease. London. 

HERRMANN, E. 1915. Monatschr. Geburtsh. Gyniik., xli, 1. 

HERRMANN, E. anp L. FRANKEL. Eng. Patent, 113311. 

Lr Hevx, J.W. 1919. Pfliiger’s Arch., elxxiii, 8. 

Le Hevx, J.W. 1920. Pfliiger’s Arch., clxxix, 177. 

Le Hevux, J.W. 1921. Pfliiger’s Arch., exc, 280. 

HeEYMANS, J. F.erC.Heymans. 1926. Compt. Rend. Soc., xciv, 135. 

Hoskins, R.G. 1911. Amer. Journ. Med. Sci., exli, 374, 535. 

Hoskins, R. G. 1922. The interrelationship of the endocrine organs. 
In BarkEr’s Endocrinology and metabolism, ii, 718. 

Hoskins, R. G. 1922. In: Endocrinology and metabolism. Barker, i. 

Iscovesco,H. 1912. Compt. Rend. Soc. de Biol., lxxiii, 16. 

James, A. A., N. B. Lavauton anp A. B. Macatium. 1925. Science, 
Ixii, 181. 

JENDRASSIK, L. 1924. Biochem. Zeitschr., exliv, 520. 

KeITH, A. 1919. Lancet, London, ii, 553. 

Knaus, H.H. 1926. Journ. Physiol., lxi, 383. 

Koun, A. 1924. Med, Klinik, xxxvii. 

KRUMBHAAR, E. B. 1926. Physiol. Reviews, vi, 160. 

Lewis, T. 1924. Heart, xi, 209. 

Loew!, O. 1921. Pfliiger’s Arch., elxxxix, 239. 

Loew!, O. 1921. Pfliiger’s Arch., exciii, 201. 

Loewl, O. 1924. Pfliiger’s Arch., cciii. 

Macponaup, A. D. anp Scuiapp. 1926. Proc. Physiol. Soc., Oct. 18, 
(Journ. Physiol.). 

McDonatp, W. J. 1925. Proc. Soc. Exper. Biol. and Med., xxii, 483. 

MELLANBY, J. 1926. Proc. Physiol. Soc., Journ. Physiol., lxi, xxxvi. 

De Meyer, J. 1909. Arch. internat. de physiol., vii. 

Moores, B. ano C.O. Purtnton. 1900. Amer. Journ. Physiol., iv. 

Muutnos, M. G. 1926. Amer. Journ. Physiol., Ixxvii, 158. 

Oxrtver, G. ann E.A.Scuirer. 1895. Journ. Physiol., xviii, 231. 

Parkes, A.S. anp C. W. BELtersy. 1926. Journ. Physiol., |xi, 562. 

Paton, N. 1913. Regulators of metabolism. 

PELLACANI, P. 1879. Arch. per le sci. med., ili, 3. 

PELLACANI, P. AnD P.Foa. 1883. Arch. per lesci. med., vii, 113. 

Rats, J. O., C. N. Jonpan anv E. A. Dorsy. 1926. Proc. Soc. Exper. 
Biol. and Med., xxiii, 592. 

Ropertson, T.B. 1915. English Patent, no. 15683. 

ScuHirer, E. A. anp B. Moore. 1896. Journ. Physiol., xx, 1. 











CURRENT VIEWS ON “INTERNAL SECRETION ”’ 319 


(88) SHARPEY-ScHAFER, E. 1916. The endocrine organs, Ist ed. 

(89) SHARPEY-ScHAFER, E. 1926. The endocrine organs, 2nd ed., Part II. 
London, p. xix. 

(90) SHARPEY-ScHAFER, E. ann A. D. Macponaup. 1926. Quart. Journ. 
Exper. Physiol., xvi, 251. 

(91) Sraruine, E.H. 1923. Nature, May 26. 

(92) SrockarD, C. R. anp G. N. Papanicotaov. 1917. Amer. Journ. Anat., 
xxii, 225. 

(93) Ten Cate, J. 1924. Arch. néerl. de physiol., ix, 558. 

(94) VerNEY, E. B. 1926. Proc. Roy. Soc., B, xcix, 487. 

(95) Vincent, 8. 1922. Lancet, ii, 313. 

(96) Vincent, S. 1924. Internal. secretion and the ductless glands. London, 
Arnold, 3rd ed. 

(97) VinceNT, S. anp F.R.Curtis. 1926. Lancet, i, 1142. 

(97a) VINCENT, 8S. anD F. R. Curtis. 1927. Endocrin. (In press.) 

(98) Vincent, S.anp W.SwHEEN. 1903. Journ. Physiol., xxix, 242. 

(99) Wert, A. 1921. Innere Sekretion, Berlin. 











THE PHYSIOLOGICAL EFFECTS OF TROPICAL CLIMATE 
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School, Berkeley 


The idea that living bodies receive modifying impressions as regards 
form and qualities from the physical environment is of ancient origin. 
For example, Hippocrates was aware of the potency of “air, water and 
places’ in moulding human types and in determining their behavior. 
The codperation of the environment in creating the variety of manifes- 
tations of animal life will, however, remain an hypothesis until binding 
experimental proof is forthcoming. Such a proof should of course not 
be limited to the morphological phase alone but should also include the 
modifiability of functional levels by altered physical factors. At the 
present time Climatic Physiology, being a recent acquisition by science, 
is not prepared to answer satisfactorily such theoretical questions raised 
by the evolutionary Biology. Its development, especially the special 
branch thereof in which we are primarily interested in this paper, has 
been mainly dictated by practical motives as regards the health and 
welfare of individuals or races who have taken up their abode in a new 
climatic environment. 

The term climate was used by medical writers in the eighteenth 
century for expressing ‘‘l’ensemble de toutes les circonstances naturelles 
et physiques au milieu desquelles nous vivons dans chaque lieu’”’ (Ca- 
banis). The etymological derivation of the term justified this wide 
definition which in more or less changed wording has been retained by 
several more recent medical writers. The progress of science has, 
however, divested climate of its accessory attributes and provided for 
each of them a separate experimental approach as regards medical and 
biological inquiries. In the majority of such considerations “‘medical”’ 
climate has become synonymous with “physical” climate: the sum of 
all the meteorological phenomena which characterize the average 
state of the atmosphere at any locality of the earth (Hann). Hand 
in hand with this more precise definition of climate has gone the em- 
phasis of the atmospheric conditions as constituting the essential agency 
by which the geographical environment acts on the living organism. 
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The new straightforward conception of climate has imposed upon the 
investigator the duty of safeguarding the climatic interpretation of any 
findings by strict observance of the homogeneity of the material from 
other angles. Such ideal experimental conditions can only rarely be 
produced in natural climates. It is more than probable that some of the 
conflicting results which have been reported by physiologists in such 
climates may find their explanation from difficulties of controlling the 
material used. Because of the same handicap it has been proposed to 
supplement any experimental undertaking of this sort in its natural 
field by properly controlled animal experiments in artificially produced 
environments. ‘The ideal procedure in work along these lines is a 
coéperation of anthropological observation and animal experiment.” 

But even if we define climate in its more circumscript sense it will 
appear illogical to speak of the direct physiological effect of a certain 
climate. Any physiological effect discovered is evidently not at- 
tributable to the climate as an entity but rather to the meteorological 
elements, pressure, temperature, humidity, light, etc., which compose 
it. The suitability of a climate for physiological studies must largely 
depend on its homogeneity as regards the meteorological factor on which 
attention is focused and which is the most prominent for the char- 
acterization of the climate concerned. For this reason, altitude climate 
has proven so eminently useful for studies in which the barometric pres- 
sure is the deciding factor. 

For investigations on the effect of temperature and allied meteorologi- 
cal factors one is dependent in field work on the climates which may be 
summarized as “latitude climates.”’ With regard to these, the prospects 
for finding usable conditions for biological experimentation are often 
frustrated by the heterogeneity of weather conditions which exist in 
many localities. For example, in cold and temperate latitudes the 
weather becomes a more outstanding feature than the climate itself. 
Not so in the tropics. ‘Das Wetter ist hier zugleich das Klima.” 
For the greater part of the year the climate becomes a succession of 
equal combinations of meteorological elements the annual range of 
which seldom exceeds the diurnal range. Even in regions bordering on 
the semi-tropics where the seasons commence to make themselves felt 
one possesses ample opportunity to carry on investigations under ideal 
conditions. Because of this equality of the tropical climate it is destined 
to become utilized in an increasing degree for studies relating to the 
modifiability of external characters and physiological functions of 
animal life by the group of physical factors which enter into relationship 
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with the body by either augmenting or abstracting its energy. It 
should be remembered, however, that tie equality of the tropical 
climate by itself may constitute a separate meteorological factor to be 
reckoned with in tropical adaptation. Very little is known to what 
extent life processes are dependent in their proper functioning on fluc- 
tuations in weather conditions but every day experience supports the 
assumption that such fluctuations are beneficial. If this is true, the 
monotony of the tropical climate deserves attention. ‘There is far 
too much climate and far too little weather in the tropics.”’ 

The direct effect of a tropical climate as an entity may be expressed 
in one word: acclimatization, individual or racial. The latter may be 
assumed to be complete in native races living in the tropics and con- 
siderable attention has been given to comparative studies of the physi- 
ological functions of the colored races as compared with the white type 
of man. It must be recognized, however, that the variance in nutri- 
tional and other living habits will render such comparisons of doubtful 
ralue. A racial acclimatization has also developed in such communities 
of white descendants which for centuries have inhabited tropical regions. 
The question whether, to quote Jousset’s belief: “l’action du milieu 
exterieur tend a assimiler le colon aux indigénes du pays qu'il vient 
habiter’’ or whether he preserves the characteristics of his ancestry, are 
problems for the solving of which information has been sought in such 
white settlements. Reference to such attempts may be found elsewhere 
(7, 59, 83, 145) ; it suffices here to say that in no case do these settlements 
fulfill the requirement of consisting of pure descendants of immigrated 
whites. And even if this were the case the continuous exposure to the 
ravages of tropical diseases has probably rendered them useless for 
climatic physiological investigations. 

If we desire to gauge the racial acclimatization we are therefore com- 
pelled either to await the outcome of such unique experiments in racial 
adaptation which, for example, is going on on a grand scale in Tropical 
Australia or else to seek analogies by breeding suitable animals under 
natural or artificial tropical conditions for many generations. Mean- 
while our knowledge of tropical adaptation will be limited to the in- 
dividual phase of acclimatization with addition of one or two descendant 
generations. Generalizing, we may distinguish three periods as regard 
the effect of the tropical climate on the individual: 1, the immediate 
response; 2, the adjustment and stimulation period; 3, the attainment 
of equilibrium. It has been deemed unnecessary in this review to 
include references to studies of the first group, since they have received 
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adequate attention in previous papers of this journal in connection with 
the effect of short exposures to heat and light (40) and also with the 
reviews on the heat (9) and water (123, 146) regulation. 

It has been pointed out that utilitarian aims pervade most of the 
investigations which have been published in this field. It is well nigh 
impossible to review the gathered material without discussing to some 
extent the practical applications which have been debated. For ex- 
ample, if we succeed in demonstrating beyond a doubt the existence of 
physiological deviations from standards in tropical man, we are led to 
inquire whether some of these deviations imply a harmful effect. If 
this be the case, the desirability presents itself of neutralizing such 
effects by modifying artificially the climatic factors which may be 
responsible for the change. It will be remembered, however, that with 
regard to these practical issues opinions have been expressed by men 
with tropical experience, which opinions, if substantiated, will deduct 
materially from the practical importance of physiological work in the 
tropics. According to some of these statements the only obstacle to the 
settlement of tropical regions by the white man lies in the easily rem- 
edied prevalence there of diseases of exogenous origin (35, 73, 147). 
In other quarters (120) the nutritional issue has been stressed as ex- 
ceeding the climatic one in its significance for the welfare of the tropical 
resident. Great cautfon must at any rate be exercised in proclaiming 
the harmful effects of physiological abnormalities. Biological qualities 
of tropical residents even if they differ from those elsewhere, may be 
quite ‘‘normal.’”’ Another question is whether they are compatible 
with the same degree of physical and mental efficiency. 

Historicau. In a general way the historical development of Tropical 
Physiology may be divided into three periods. The first era commenced 
with the inauguration of a colonial policy by the European nations. 
The conviction that the immigrants were affected by the vicissitudes of 
the tropical climate and needed special precautions to counteract these 
vicissitudes is plainly visible in some of the tropical medical treatises 
from those olden days (86, 112). Lind wrote: ‘‘Men who thus exchange 
their native for a distant climate may be considered as affected ina 
manner somewhat analogous to plants removed into a foreign soil where 
the utmost care and attention are required to keep them in health and 
to inure them to their new situation, since thus transplanted some change 
must happen in the constitution of both.’”’ From mere inspection 
many correct deductions were drawn by these pioneers which were 
embodied by Johnson, the English colonial physician, in his remarkable 
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book, Influence of tropical climates on European constitution (87) printed 
in many editions in the early part of the last century. Johnson 
concluded that “for the power of climatic accommodation man is more 
indebted to the ingenuity of his mind than to the pliability of his body.”’ 
One can easily guess that this treatise gave the impetus to subsequent 
attempts to study in a more qualitative way the effects on physiological 
manifestations. The work of Davy (49) in 1839 on the body tempera- 
ture in the tropics may be considered as the beginning of the epoch in 
which easily procurable data as regarding body temperature, pulse and 
respiration rate, spirometry, etc., were considered, by a number of 
English and French scientists sufficient for judging the effects of a 
tropical climate. The publication in 1885 by Jousset of the book, 
Acclimatement et acclimatation (90) may be taken as the culmination and 
ending of the second period. “L’organisme se modifie done dans sa 
constitution ou dans son fonctionnement”’ (Jousset). One year later 
Virchow (182), in an address on acclimatization, laid down some of the 
principles which have guided subsequent investigators in this field. 
Virchow suggested: ‘“‘dass eine solche tropische Anpassung mit materiel- 
len Verainderungen verbunden sei, dass es nicht etwa blos um eine Art 
Umkostiimierung handelt, die fusserlich vollzogen sei, sondern dass 
eine innere Umwandlung, zum Teil ganz neue Organverhiiltnisse ge- 
schaffen werden miissen.”’ It can be historically verified that this speech 
of Virchow stimulated the voluminous production in tropical Physiology 
and Biochemistry which since that time has emanated from the Dutch 
Indies. The interest in such work spread gradually to the Philippines 
where medical officers of the American army and men of the Bureau of 
Science made valuable contributions, and to Australia where the 
“white policy” has favored any work which might throw light on the 
chances of white settlement in the tropics. Sporadic contributions 
have since then also been published elsewhere in the tropics. As a 
special characteristic of this third epoch we may mention the increasing 
emphasis on the biochemical phase and on the value of animal research 
to supplement human observations. 

MEDICAL METEOROLOGY OF THE TROPICS. A handicap which will 
considerably delay a survey of tropical climate for the special purpose 
of the physiologist results from the fact that the latter is furnished by 
the physical meteorologist only with the mere rudiments of usable data 
and that he therefore will be compelled to gather his own material to 
better suit his purpose. In drawing his demarcation lines for the tropi- 
cal zone the physical climatologist has exclusively made use of dry 
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bulb temperature data and enclosed the climatic region in which we are 
interested within the +20°C. isotherms (Supan), inside which zone an 
equatorial belt has been portioned off for which the average temperature 
of the coldest month is 20°C. While for plant geographical considera- 
tions such a scheme proves satisfactory, it is inadequate, for obvious 
reasons, for animal physiological surveys, since the comfort of man and 
other higher animals is determined by humidity and wind as well as 
by temperature, these three factors together controlling the cooling 
power. Continuous observations of the wet bulb temperature which 
Haldane and others have shown to be a far better indicator of body 
comfort than the dry bulb temperature exist for very few places within 
the tropics and data on wind velocity are still more scarce. Griffith 
Taylor (178) has meanwhile proposed a scheme by which he claims to 
show in a graphical way the relative suitability of selected climates 
for human habitation. His “climographs”’ are constructed by plotting 
for each month the average wet bulb temperature against relative 
humidity. Leonard Hill’s katathermometer, which must be recognised 
as the most convenient instrument for reading off directly the dry and 
wet cooling power available in a place has not yet been given the ex- 
tensive application to tropical conditions which it deserves. Besides 
the few data for subtropical regions which have been published by Hill 
(81) the only systematic material on the cooling power in the tropics 
so far as I am aware has been gathered by Buxton (27) in Samoa. In 
this locality the average dry kata at 9 a.m. was 3.2 for February and 
rose to 4.3 for July, at noon the minimum 3.0 was found in December 
and the maximum 4.6 in July, at 3 p.m. the range of monthly averages 
was 3.5 to 5.0. The means of wet kata readings for the same times of 
observation: 13.5 to 18.3, 12.9 to 19.4 and 13.0 to 20.0. These 
figures do not show any extreme reduction in cooling power but the 
continuous exposure even to such moderate cooling power reductions 
is probably an important factor to be reckoned with. Moreover, they 
apparently represent out-of-door conditions at open places and in 
general the available cooling power in the tropics must probably be 
rated considerably lower. This applies especially to in-door conditions, 
for which some suggestive data have been published from Tropical 
Australia (174). The prospects to arrive at any reliable expressions 
for the amount of cooling power at the disposal of tropical residents 
will always be disturbed by the insistence of man to interfere with 
natural conditions by means of housing and clothing. Nevertheless 
it is highly desirable for the physiological survey of the tropical climate 
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to develop means by which it will be possible to obtain in as many places 
as practical continuous records for the cooling power and to calculate, 
for instance, the total annual loss of heat from surfaces maintained at 
the same temperature as the human skin. Such comparative data will 
evidently go further than any isotherms or climographs in defining 
and classifying tropical climate in physiological terms. They will 
undoubtedly demonstrate a wide range of tropical climates with regard 
to their physiological favorability as measured by cooling power. In 
this paper we expect to deal chiefly with that kind of tropical climate 
which is found in coastal regions. 

There is a great need for a systematic survey of light conditions in the 
tropics. The black bulb measurements which have been tried in a few 
places are open to serious objections and can hardly be given any 
credence as conveying any idea regarding the degree of insolation effect 
on the human body. Knipping (94) has proposed an elaborate technic 
by which quantitative measurements may be obtained of the energy 
impingement for different parts of the spectrum. It can hardly be 
expected that such a method which requires specialized training could 
be given the extensive use which is desired. The same objection applies 
to the pyrrheliometric method. It is regrettable that the studies of 
tropical light which were carried on by Freer (61, 62) and collaborators 
in the Philippines were discontinued. It appears that their technic 
better than any others would fill the requirements for more universal 
adoption. The photocatalytic reaction induced when oxalic acid in 
presence of uranyl] salt is exposed to light is simple enough, it has been 
thoroughly standardized and since the effective rays do not extend 
above 530 yuu it comprises the physiologically most interesting region 
of the spectrum. Moreover, a considerable amount of material has 
already been collected not only for the Philippines but for other tropical 
countries as well. The average per cent of oxalic acid decomposed in 
one hour was for Manila 12.5, for the Philippine highlands 14.2, for 
Honolulu 13.8, for Kuala Lumpur in Malaya 15.3, for Khartoum 17.6, 
for Townsville, Australia 17.5(176). Similar series in Washington, D. C., 
gave in the average 11.0 for summer and 10.0 for the winter months. 
At many occasions figures were, however, registered in the latter place 
which corresponded to conditions as they prevail in the tropics. 

EFFECT OF LIGHT. It has been consistently claimed by some writers 
(121, 187, 188) that the physiological response of an organism to the 
tropical climate is altogether due to the exposure to light of shorter 
wave lengths and that the protection offered by the more or less de- 
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veloped skin pigment is directly correlated to the more or less successful 
acclimatization to a tropical environment. Anyone who scans the 
evidence adduced will become sceptical about these conclusions. The 
propounders of the hypothesis have failed to recognize that the phys- 
iological effect may be due to other factors as well. The sweeping 
conclusions drawn by Woodruff (187, 188) working in the Philippines, 
as regards the greater handicap suffered by blondes in the tropics appear 
to have been conclusively refuted by Chamberlain (34) and others in the 
same place. The suggestion by Woodruff that orange red underwear 
might prove beneficial was given an extensive trial with negative 
results (134). It has been pointed out that tropical animals seldom 
expose themselves to the sun. With regard to native races the same 
thing holds, and regarding white settlers it is a common experience that 
such individuals who shut themselves up in houses are even more 
affected than others whose habits bring them frequently out into the 
open (174). 

The animal experiments of Aron (6) and Shaklee (148) seem to prove 
that any ill effects from insolation in the tropics are due to the absorption 
mainly of longer rays and to a resulting failure of the heat regulation, 
and that when measures are taken to facilitate the heat loss, for example 
by fanning, body injury is prevented. While, however, Aron was led 
to deny any increase in the resistance of monkeys to solar exposure, 
Shaklee noted that such an adaptation may occur due to increased 
perspiration from the sweat glands which the latter investigator proved 
existed in certain parts of the body of the monkey. No information is 
available regarding the power of tropical sunlight to penetrate into 
deeper tissues and into the blood. The demonstration of methemo- 
globin in organisms which had been exposed to the tropical sun may 
indicate such an effect (64). On the other hand, reports from competent 
sources (155) seem to minimize the effectivity of tropical sunlight insofar 
as direct photodynamic action is concerned. It will be reserved for 
animal experiments under well controlled laboratory conditions to test 
the specific effect of light of the same intensity and composition as it 
occurs in the tropics in order to evaluate the participation of this 
physical agency in the supposed deterioration of the white race in the 
tropics. The technical difficulties to be overcome have prevented such 
undertakings. From the scant biological evidence available, from the 
fact that the spectrum extends in the tropics to the same wavelength 
as in the temperate climate and from the relatively small increase in 
photodynamic action as measured in vitro it may be anticipated that, 
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at least for higher mammalians, tropical light in its physiological appli- 
cation may not transgress the borderline where the stimulating action 
ceases and the deleterious action begins. But it seems possible that 
this very stimulating action by itself is undesirable and that the sun- 
light—the longer rays by their direct heat effect, the shorter ones by 
being converted into heat—adds a considerable burden to the heat dissi- 
pating mechanisms which are already overtaxed. In experiments on 
small animals it was found that the growth which already was retarded 
from humid heat alone suffered a still greater reduction when the radia- 
tion from strong electric globes was added to the environment (168). 
And similar experiments under the stress imposed by high temperature 
and high humidity in diffuse light have repeatedly yielded, with regard 
to physiological effect on animals, results which compare well with the 
results of human experimentation in the tropics. The trend in newer 
contributions to tropical physiology seems to be to minimize the action 
of the “‘actinic’’ light and to focus attention on the existence in tropical 
regions of a continuous reduction of cooling power, which, moreover, 
unlike direct insolation, is omnipresent and requires more elaborate 
means of counteracting. One becomes inclined to reduce the impor- 
tance of insolation in tropical physiological considerations and to con- 
sider it as a special case in connection with the etiology of sunstroke. 
That, indeed, exposure to intense light is capable of producing a localized 
hyperthermia of the central nervous organs has been borne out by in- 
vestigations of Hill and his co-workers (82). 

Bopy TEMPERATURE. If it be true that the physiological response to a 
tropical climate is primarily due to the cooling power factor, the accli- 
matization process to such a climate should in the first hand consist of 
means to adjust the heat regulatory mechanism to the highest attainable 
degree of efficiency in order to preserve a normal body temperature. 
It is a curious fact that in spite of the numerous attempts to assay this 
heat-regulating efficiency by body temperature measurements this sim- 
ple point should still remain one of the most contested points in the 
whole field of tropical physiology. Mention has already been made of 
the pioneer work of Davy (49, 50) nearly a hundred years ago. Davy 
measured the mouth temperature of several of his fellow passengers 
in two visits to the tropics and found this temperature to be in average 
0.5°C. higher in the tropics than in the cooler climates. In a similar 
series but in more recent times Neuhauss (131) taking the rectal tem- 
perature, also registered a positive difference in favor of the tropics 
but the change was very small. Others (90, 143) have noted a more 
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pronounced increase especially during the first weeks of the tropical 
sojourn and cases are on record where the tropical elevation of body 
temperature was altogether missed (18, 63, 177, 184). The average of 
3000 mouth temperature readings on soldiers in the Philippines (34) 
likewise agree with accepted standards for cooler climates. Attempts 
made to compare the body temperature of native races with that of 
Europeans in the tropics have generally yielded negligible differences 
(55, 90). Young (189), while working with white inhabitants of the 
tropics, has employed unusual care and concludes that the rectal tem- 
perature is the only reliable one in the tropics and that, while the resting 
body temperature in tropical residents correponds to figures encountered 
in cooler latitudes, the rise after muscular exercise may be considerable, 
which latter point was confirmed by Young in collaboration with Breinl 
and others (194). Breinl (21) found in white stevedores working in 
tropical heat rises up to 101.7°C. although many rectal temperatures 
were recorded which might have been found at a similar heavy work in 
cooler climates. Davy demonstrated somewhat higher body tempera- 
ture in the hotter season in the tropics than at times when the weather 
was less trying. 

Since attempts to arrive at definite conclusions by the employment of 
human material have stranded on the difficulty of deciding on reliable 
base lines for comparison, it becomes necessary to consider the better 
controlled animal series under artificially produced tropical conditions. 
For example, in rats (175) living in four environments graded as to their 
cooling power, (dry kata 1 to 7 and wet kata 4 to 19) a progressive rise 
in rectal temperature was demonstrated with the lowering in cooling 
power, the difference for the extreme environments amounting to ap- 
proximately 1°C. Analogous results have been reported elsewhere 
(77, 165) for small animals in environments in which only the external 
temperature was regulated. These facts in conjunction with the in- 
dividually controlled human experiences in the tropics lend support 
to the idea that the body temperature may remain slightly elevated and 
that, therefore, the heat regulating mechanism may fall somewhat short 
of complete adjustment at least in more severe hot environments. 

SKIN TEMPERATURE. A small rise in the body temperature may not 
necessarily imply a harmful effect; on the contrary, it may even be ad- 
vantageous by increasing the gradient for conductive heat loss. For 
determining this gradient the skin temperature is, however, more deci- 
sive than the body temperature. It seems obvious that the flushing 
of the skin in a tropical environment raises the skin temperature. 
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Experimentally, Jousset (90) by a naturally crude technic found the 
skin “hotter all over the body.’”’ By the thermocouple method Aron 
(6) measured skin temperatures in the Philippines. In the shade the 
greater part of the body showed skin temperatures between 32.5 and 
33.5°C. In the sun the human skin rose to about 36°. If the sun 
exposure was continued the temperature of the skin dropped when 
perspiration broke out. Malays, while theoretically absorbing more 
heat from the sun, showed a less maximal skin temperature rise than 
whites because an earlier sweat secretion took place. Gibbs (64), 
however, found that darker colors maintain higher maxima than the 
lighter. In animals which lack sweat glands both skin and subcuta- 
neous tissues exhibited, when exposed for a long time to the sun, tem- 
peratures above those compatible with life. 

PARTITION OF HEAT LOSS IN THE TROPICS. The possibility suggested 
itself to early investigators that racially acclimated organisms in the 
tropics might have acquired the facility of getting rid of excess heat by 
radiation and conduction at a more rapid rate than individuals in cooler 
climates. The skin pigment was thought to play a rdéle in accelerating 
heat dissipation by non-evaporative means. Woodruff’s (187, 188) 
suggestion that the pigmented skin radiates heat quicker than the white 
skin has been experimentally refuted by EKijkman and Hill (81). Glog- 
ner’s conclusions, drawn from some rather crude arm calorimetric 
experiments (66, 67), that the skin of a native loses heat by convection 
more rapidly than the skin of a white man, were not supported by the 
experiments of Eijkman (55) on living subjects. Neither did Kijkman 
find any difference when he used excised pieces of skin for comparative 
calorimetric experiments. It appears that very little can be gained by 
employment of such methods for solving problems which can almost a 
priori be disposed of on theoretical premises. Of greater interest is 
that part of Eijkman’s contribution which is concerned with the part 
played by perspiration in heat loss. He found that Europeans in Java 
gave off in average 16 per cent more heat by evaporation than the 
natives. A corresponding decrease of 14 per cent of heat loss by con- 
duction took place in the whites. Eijkman explains this difference as 
resulting from an exaggeration of the evaporative heat loss in the latter. 
Only by having his Malay subjects drink large quantities of water could 
he bring up the perspiration to the same levels as in the Europeans. 
By dividing the white subjects in groups according to body weight 
Eijkman was able to show that the amount of perspiration decreased at 
a more rapid rate than the body weight. For the group weighing in 
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average 63.5 kgm. the perspiration amounted to 228 grams for the experi- 
mental period, while for the 54.9 kgm. body weight group the perspiration 
totalled 172 grams or practically the same as for natives with the same 
body weight. These results strongly suggest that the favored position 
enjoyed by the natives with regard to the relatively large portion of heat 
loss which is removed by the less exhausting channel of conduction may 
be due to their smaller bodies. In this connection it may be mentioned 
that in experiments on mice in artificial tropics (169) it was found that 
on exposures to excessive temperatures larger animals succumbed more 
quickly than smaller ones, due probably to an exorbitant water elimi- 
nation. 

The importance of an efficient perspiration in the tropics has led 
several investigators to compare the number of sweat glands per skin 
area unit in white immigrants and in natives. The results are conflict- 
ing. Eijkman (58) found in the former an average of 162 and in latter 
160 glands per square centimeter. On the other hand Clark (39), in 
the Philippines, showed that Malays possess 12 to 15 per cent and 
Negritos 27 per cent more sweat glands than Europeans. It seems, 
however, that such comparisons are of doubtful value since it has been 
shown that the quantitative outpour of sweat is less important than its 
distribution on the skin to form an even film. Suggestions have been 
made that the chemical properties of the sweat may in some way affect 
its physical behavior (87, 132). The available information regarding 
the chemical composition of sweat in the tropics is limited to some 
analyses of nitrogen (53, 54, 191) and chlorides (84, 180) which all 
show normal levels, and to a few pH estimations (174). 

HEAT LOSS AND SKIN AREA. Considerations have been given the 
problem whether an animal transferred to a hot environment may 
possess a mechanism to facilitate heat loss by such modifications of its 
body build which result in a larger skin area. Experiments to prove 
this point are difficult to carry out on human subjects. The generally 
weedier body shape of native races and the tendency of immigrated 
whites to become thin may indicate that such a mechanism may also 
operate in man in spite of the fact that he is because of his sweat glands 
better situated than most other animals. Anthropological measure- 
ments of natives in the tropics have indicated that the extremities tend 
to become longer (179). As regards smaller animals data have been 
presented to show that such body modifications as referred to may be 
important. In mice exposed to artificial tropics the skin area available 
for each gram of body weight was for males 4.26 and for females 4.21 
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square centimeters as compared with 3.78 in control males and 3.80 in 
control females (169). Besides the tails became longer, the ears larger 
and the scrota pendulous and hairless. In more recent work on rats 
(175), the réle for instance of an enlarged scrotum in assisting in heat 
loss has been proven almost beyond doubt. ‘The relative tail length 
has been shown to be inversely proportional to the cooling power 
(138, 139, 164, 166, 169, 175). The ratio of body length to body 
weight tends also to be dependent on the cooling power in the same 
manner. 

MASS OF METABOLIZING PROTOPLASM. Some relief in preventing 
overheating might ensue if the organism were able to reduce the total 
mass of living tissue. The reduction of adult body weight in the tropics 
has been mentioned and will again be discussed in connection with 
growth. The weight of the liver and the spleen is less in negroes than 
in the white race (14, 15). Besides the smaller body weight rats 
exhibited in humid heat (175) an average reduction of 20 per cent in the 
relative weight of certain internal organs such as the liver, spleen, 
kidneys and testes, but when the cooling power was enhanced by fanning 
or when the air was less humid, the decrease in the relative weight of 
the body organs was less pronounced. Also in real tropics it has been 
shown (173, 174) that the assistance to heat loss which resulted from 
fanning was instrumental in raising the relative weight of body organs 
far above the levels for the controls. In the first mentioned rat series 
the reduction of the relative thyroid weight was especially significant, 
the “muggies” in proportion to the total body mass possessing slightly 
more than half of the thyroid mass as the controls. The improving 
effect’ of “wind” and lowered humidity were also here sharply defined. 

BASAL METABOLISM. It is obvious that a body, the heat regulation 
of which is laboring under the stress of tropical conditions, would be 
eminently benefitted if it were endowed with a mechanism of ‘‘banking 
its fires.” Earlier writers assumed (132) without proof that such is the 
ease. The observation of Mayer (125) in 1840 that the venous blood 
in the tropics is redder than in a cooler climate (noticed also by other 
pioneers in the field (49)), an observation which was destined to lead 
Mayer to the discovery of the first law of thermodynamics, was assumed 
by him to signify a lowering of the oxidative level of the body in the 
tropics, an interpretation, however, which was built on faulty premises. 
The first real experimental work, viz., that of Kijkman (56) in the 
nineties, seemed to conclusively prove that the basal metabolic rate in 
the tropics occupies the same levels as in temperate climate. His data 
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recalculated in a more recent polemic paper (57) to suit modern terms 
indicate a basal rate of 40 Cal. per square meter an hour for adult men, 
which agrees with accepted standards. When de Almeida, 20 years 
later, published his discovery that in fact a reduction of 20 per cent 
may take place in the metabolic rate of both white (1) and colored (2) 
inhabitants of the tropics, his announcement was received with in- 
credulity and his technic was questioned by Ejijkman and others. 
Shortly before the appearance of de Almeida’s papers a series of respira- 
tory metabolic experiments were published by Young (192) in Australia, 
which were planned to discover any correlation between resting me- 
tabolism and cooling power, but because the post-absorptive state was 
not observed in the subjects the results fail to fulfill the conditions 
demanded of strict basal rate observations. Young did not succeed 
in his main purpose, but thought that his data were indicative of a rise 
in the metabolism in hot environment. 

The wide divergency in the results of the three aforementioned 
investigators, representing all possibilities, viz., 1, no change; 2, de- 
crease; 3, increase, does not, however, imply that any of them has been 
guilty of gross technical errors, but it simply emphasizes the complexity 
of the problem. The writer believes that the second viewpoint has 
much in its favor and that even the others when properly understood 
may lend support in the same direction. It should be stated, however. 
“that the multifarious combinations of climatic factors which compose 
the tropical climate and the enhancement of the variability which 
accompanies adaptation to any new environment do not militate against 
an occasional basal metabolic level in healthy individuals in the tropics 
that equals or even surpasses the standard levels established in a tem- 
perate climate.’’ It will be remembered, for instance, that Knipping 
(91) found evidence of an initial rise in the basal rate which was followed 
later by subnormal values. It should also be borne in mind that 
special precautions should be observed in the tropics if as close an 
approximation as possible to the real basal metabolism is desired. The 
ideal time for conducting such experiments appears to be that part of 
the year when the oppressive heat gives way to somewhat more comfort- 
able climatic conditions. The success of de Almeida to discover the 
lowered basal rate may be partly due to this circumstance. By em- 
ploying a different experimental technic the same writer has recently 
confirmed his own results (3). Whilst in his first series the range 
was rather large—whites: 25.7 to 37.6 Cal., average 30.6 Cal.; Negroes: 
26.3 to 37.2 Cal., average 32.9 Cal.—in his last series the range narrowed 
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down to 32.3 to 34.6 Cal. Sundstroem (174), working in Tropical 
Australia, has arrived at conclusions which completely support de 
Almeida’s results. In male subjects the range for the basal metabolism 
reduced to the surface unit was 25.5 to 36.1 Cal., average 31 Cal. and 
for female subjects 22.1 to 33.8 Cal., average 27.8 Cal. Montoro (129) 
in Cuba found for men 30.9 to 39.1 Cal. and for women 28.2 to 36.8 
Cal. Fleming (60) demonstrated a decrease in basal rate in Filipinos. 
Recent studies of the basal rate in a subtropical climate (New Orleans) 
have also indicated a diminution (80). 

In connection with experiments on the adaptation of rats (175) to 
climatic enviroments adjusted so as to give a gradient from relatively 
high to very low cooling power we have tested the relationship of the 
basal metabolism to a more or less efficient heat loss. It must be borne 
in mind, however, that in this and other respects it cannot be taken 
for granted that the acclimatization to a hot climate always proceeds 
on strictly similar lines in man and in small rodents. It should also be 
remembered that advantages in procuring controls may be partly 
neutralized by difficulties in collecting experiments in such lively 
animals which fulfill the requirements of real basal metabolic estima- 
tions. The data have, however, accumulated in fair numbers under an 
increasing rigidity of procedure, that at least the writer feels tolerably 
assured that they prove the point that energy metabolism at rest is 
decreased in hot environments. Not only has the expected drop in 
metabolic rate occurred in the “muggy” rats, but in environments in 
which the cooling power in the hot room was raised by continuous fan- 
ning the basal metabolism was elevated to a point midway between the 
control and “humid heat, stagnant air’ environment. Calculated 
under the assumption of 9.1 as the factor in the surface area formula 
for rats the averages of one “immigrant”’ series were: controls 41.5 
Cal., “wind” rats 36.6 Cal., “muggies” 32.3 Cal. In another similar 
series the corresponding figures were: 41.5, 36.5 and 33.4. For a third 
series, in which the hot room rats were born in the hot environment 


the same figures were 40.2, 37.2 and 31.8. It was also ascertained that 


the diminution in relative oxygen consumption did not become manifest 
before the principal growth period had passed. Furthermore, it ap- 
peared to be of interest to test the physiological behavior of rats which 
were maintained at the same oxidative levels as the controls by in- 
jections of thyroid extract. The results of this latter part of the study 
have strongly suggested, for instance by their lowered resistance to still 
higher temperatures, that the tampering with the adaptive change as 
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regards a low basal rate is harmful to the animals. Although any 
local infection never occurred, the body temperature tended to remain 
abnormally high. Indications were also procured to show that forced 
exercise every other day led to higher basal levels without any con- 
comitant harmful effects, which observation is interesting in connection 
with the claim that exercise is beneficial to tropical man. The absence 
of exercise in other rat series explains the results of an experiment in 
which the caloric intake was utilized as an indicator of the levels of the 
energy exchange. These levels were nearly the same as the basal levels 
and the gradient of the metabolism for the rat series again followed the 
cooling power gradient. 

Tentative experiments by Knipping (91) have indicated a lowering of 
the specific dynamic action in the tropics as compared with figures 
obtained in the temperate climate. On the other hand a few observa- 
tions of the rise in respiratory metabolism caused by injections of alanin 
in “heat” rats (175) have not suggested any change from normal. 
Of considerable interest as regards body comfort of man doing physical 
work in the tropics is the question of muscular efficiency under such 
conditions. Eijkman (58) has referred to some unfinished work of his 
which did not show any change from standard figures. 

It cannot be denied that the theoretical deductions as regards the 
value of a low basal rate in combating overheating are minimized when 
it is considered that, for instance, a man living a normally active life 
in the tropics is benefitted by such an adaptation mechanism only when 
he is resting. When he is working the total energy level is of such a 
height that the relief obtained becomes almost negligible even if the 
standard metabolism remained the same as at rest. Evidently the 
basal rate level is affected by the raised body temperature. All the 
investigators (5, 32, 54, 72, 142, 174) who have studied the food con- 
sumption of tropical residents, who were allowed to follow their usual 
habits as to diet and exercise, have failed to discover any diminution 
from standard figures. 

BLoop DISTRIBUTION. The hyperactivity of the skin which results 
from the forced physical heat regulation makes continuous demands 
for an increased blood supply up to 50 times the normal. The im- 
mediate result, if the total blood volume were constant, would neces- 
sarily be an impoverishment of the amount of blood directed towards 
the central organs. Exact information is lacking regarding the relative 
distribution of the blood at any time of a tropical sojourn. Such an 
inequality of the relative blood supply has, however, been proclaimed 
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by Osborne (133) as being the only firmly demonstrated physiological 
effect of the tropical climate. It appears, however, on the basis of 
investigations by Barcroft and his collaborators, that the body may be 
able quite soon after arrival in the tropical climate to readjust affairs, 
at least partly, by augmenting the total blood volume. So far as I am 
aware, the only observations which might serve as a circumstantial 
evidence towards indicating how much the central organs may suffer in 
their blood supply from the plethora of the peripheral capillary bed 
have been made by Rattray (143, 144) and Jousset (90). The former 
took repeated spirometric readings for a number of fellow passengers 
throughout a sea voyage. An increase of the vital capacity, amounting 
to in average 12 per cent, took place after reaching the tropics and 
persisted for several months in tropical waters. Rattray suggested 
that the increased air content of the lungs was due to a lessened blood 
content of these organs. Jousset confirmed on a large material Rat- 
tray’s results, but found that as a rule a readjustment took place in a 
few months, the vital capacity often dropping below the initial figures. 
Jousset also doubted the explanation given by Rattray and suggested 
instead that a lowered oxygen tension was to blame. He reports, how- 
ever, figures which show that the weight of excised lungs is consistently 
less in the tropics than elsewhere. 

More precise information is required before we are able to lay stress 
on the consequences which the redistribution of the blood, which thus 
has been indicated, may have with regard to a proper functioning of 
vital parts of the body. Possibly they are correlated with the retarda- 
tion of growth both of the body at large and of internal organs. Possibly 
they have something to do with the “hypo” level of the basal me- 
tabolism, if this is not determined by subactivity of the thyroid, by 
modifications of the permeability of cellular membranes or by an innate 
reduction of the oxygen consumption of tissues of tropical animals which 
could be demonstrated “in vitro.”’ One careful experiment which 
the writer has obtained for a ‘‘tropical”’ rat suggests that the third alter- 
native does not hold. On the other hand, the hyperemia of peripheral 
parts may account for the stimulation in growth which we have found 
occurs in some of these parts of the body in a hot environment. 

WATER REGULATION. It has been repeatedly stated in the literature 
that a disturbance in the water regulation which results from profuse 
perspiration cannot fail to be of physiological importance. The ex- 
perimental work is quite conflicting. This is natural when it is con- 
sidered that the chapter of the distribution of water still remains one 
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of the most obscure in the science of physiology. Any method by 
which it is hoped to throw light on the water regulation in a tropical 
climate, or elsewhere, necessitates such a combination of various analyti- 
eal procedures that its employment becomes impractical. On the other 
hand, observations limited to only a single phase are inadequate for this 
purpose. One may only say that in a hot environment the heat and the 
water regulations are intimately connected and that an insufficient 
heat regulation by non-evaporative means shifts the burden and risk 
of breakdown over on the water regulation. One also feels confident 
that important phases of tropical adaptation will become intelligible 
when the question of water regulation will be cleared up. 

The “thinness” of the blood which was assumed by early writers 
(180) to be the rule in the tropics was not confirmed by the Dutch 
investigators who approached the problem by the specific gravity 
method (52, 68, 74, 107). Young and his collaborators (194) even 
believe they have demonstrated a slight concentration of the tropical 
blood by weighing of total solids and by the refractometric method. 
A later worker in the Australian laboratory (174) came to the same 
conclusion in his experiments on humans. He also claims that the blood 
chlorides exhibit a noticeable retention in a hot environment. He 
suggested, however, that the concentration was mainly limited to the 
plasma whilst data obtained by the hematocrit method, by estimations 
of the corpuscular volumes and by erythrocyte measurements indicated 
that the formed blood elements actually became richer in water. By 
analogy the same writer was led to believe that the peculiar behavior 
of the red cells as regards their water content is shared by other body 
cells and the phenomenon was interpreted as due to a protective mech- 
anism intended to prevent the desiccation of living matter in conse- 
quence of the drain on the water resources to which the profuse perspira- 
tion may lead and about which state of affairs the thirst centers for 
various reasons may not be sufficiently well informed. Some circum- 
stantial evidence was adduced to make it probable that an altered 
membrane permeability (an increase in the resistance of red cells to 
hypotonic saline solutions was indicated) and a shift in the lecithin: 
cholesterol ratio were in some way connected with this obscure mech- 
anism. How close this hypothesis may come to realities will for a long 
time be difficult to ascertain. Further experiment on these lines on 
“tropical” rats (175) have, however, indicated that, indeed, there is a 
tendency of the cells with progressing adaptation, to become even richer 
in water than those of controls and this seems again to be correlated 
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with a shift in the lecithin: cholesterol ratio. The only discord between 
the human and the rat series has been, however, the failure of the plasma 
in the tropical rat series to become more concentrated. On the con- 
trary, to judge from specific gravity and “‘solids’’ estimations, it appears 
that a dilution of the plasma persists in the rats. Not considering the 
technical difficulties encountered in the employment of such small 
animals for such delicate analyses, it is possible than an essential differ- 
ence may exist between man and the rat as regards plasma concentration 
as affected by hot environment. Barbour (10, 11, 12) has conclusively 
shown that a hemodilution takes place in man prior to and accompany- 
ing the outbreak of sweat in a hot and humid environment. While 
his experiments have not been extended long enough to have a direct 
bearing on the state of affairs which prevails in a tropical climate, the 
figures rather support the idea that in man the plasma dilution gives 
way to an opposite condition of this fluid. Of considerable interest in 
connection with this discussion is his conclusion that the water of the 
red cells is drawn upon in large amount to supply the water for perspira- 
tion. It is possible that in rats the evaporative heat loss does not at 
any time reach such proportions that in these animals the plasma be- 
comes concentrated. 

URINARY EXCRETION. The abundance of the perspiratory flow is 
reflected upon the water available for excretion by other channels 
especially by the kidneys. Numerous quantitative data are available 
(55, 90, 131, 143, 174, 184, 191) to show the reduction of the urinary 
volume of man in the tropics. It seems conceivable that this phe- 
nomenon, when it becomes stationary, cannot fail to interfere with the 
proper excretion of waste products. It has also been suggested that the 
permanently high concentration of urine which results may in the long 
run be injurious to the kidney epithelium and it has, indeed, been 
assumed by some writers that physiological factors may predispose to a 
greater prevalence of nephritis in the tropics. On the other hand, 
Jousset (90) thinks that nephritis is less prevalent in the tropics than 
in cooler latitudes. It has been suggested (174) that the higher con- 
centration of the tropical urine may involve toxic products which other- 
wise may be innocuous but by mass action may injure the kidney epi- 
thelium. Young (191) found albumen in the urine of a surprisingly 
large number of otherwise normal individuals in the tropics. Another 
investigator from the Townsville laboratory (174) claims to have shown 
a retention, averaging 25 per cent, of the nitrogenous waste products 
and also an elevation of the chloride level of the blood. He believes 
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that these findings indicate a lack of water for excretion. The explana- 
tion will probably not go unchallenged, since others, on small material, 
have published tropical data which suggest a normal non-protein nitrogen 
content of the blood. It is true that rats exposed to low cooling power 
(175) as a rule also exhibit a high non-protein nitrogen content, but in 
similar rats the daily urinary volume agreed closely with that of the 
controls. This throws some doubt on the hypothesis that the dis- 
turbance in water regulation in tropical climate leads to retention 
phenomena. 

The composition of the urine in the tropics has been investigated by 
several workers who agree that with the exception of the high concentra- 
tion it corresponds fairly well with accepted standards. The lower 
urea and chloride content which was already pointed out by Jousset 
and has been confirmed by others results from the partial excretion of 
these substances in the sweat (111, 191). The nitrogen partition has 
in man been found to conform with standards (29, 42, 190). In tropical 
rats (175), however, there was a decided increase of the non-urea frac- 
tion. This was partly due to the increase in the creatinin excretion 
which was inversely proportional to the drop in cooling power. In man 
the creatinin output has generally been normal but a case of a tropical 
resident is on record (174) in which the urinary creatinin rose quite 
markedly without any other cause but climatic being discovered. The 
reports on the excretion of neutral sulphur are conflicting and do not 
prove an augmented katabolism of body protein in tropical man. An 
increase in the ammonia excretion in tropical man has been postulated 
by Campbell (30) as constituting a physiological effect of the climate 
and has been interpreted by him as indicating an acidosis. Another 
investigator (174), while agreeing on the main issue, disagrees as to its 
explanation. The latter found that the pH of tropical urine fell within 
the same limits as in cooler latitudes. 

In many instances deductions have been drawn in tropical laboratories 
(19, 28, 29, 51, 191) from urinary analysis alone which should be reserved 
for complete balance experiments. The only experiment in the tropics 
of this kind (174) covering, however, only one week and including a 
man, a woman and a nine-year-old girl, was conducted in tropical 
Australia at the hottest part of the year. Complete data were collected 
with respect to water, protein and mineral metabolism and to acid-base 
equilibrium. The most interesting points in this work were the ap- 
preciable retention of nitrogen and phosphorus in the child and a 
retention of basic elements in excess of acid ones in the same 
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subject. The adult subjects exhibited an almost complete acid-base 
equilibrium. 

ACID-BASE EQUILIBRIUM. It has been proposed that lack of water of 
excretion in the tropics may also contribute to producing an alkalotic 
blood condition. This idea is contrary to the earlier assumption (30), 
built on fragmentary evidence, that if anything an acidotic state is the 
rule. An alkalosis was actually found to exist in a fair number of cases 
examined in tropical Queensland (174) but the universality of this tropi- 
cal effect still remains to be tested on greater numbers in other types of 
tropical climate and by direct estimation of the pH. In the Australian 
work the conclusions were drawn from simultaneously conducted esti- 
mations of the alveolar carbon dioxide tension and the alkaline reserve 
from which the pH was calculated. The alveolar CO, tension under- 
went a diminution which result agrees with reports of Young and his 
co-workers (194). The alkaline reserve was either unchanged or in- 
creased. In one individual on which a considerable number of alveolar 
air analyses were made the CO, tension was lowest in the cooler season 
and a slight rise took place during the more trying months, but this 
rise in the ‘free’? CO. was overcompensated by a still greater rise in 
the ‘‘bound”’ CO, of the blood. While some doubts may be entertained 
regarding the validity of these observations as proving tropical alka- 
losis, more binding appear to be the data which were obtained by use of 
the indirect method of Barcroft. A ‘“‘pleionexy’’ was demonstrated to 
exist in several inhabitants of the tropics and especially in such persons 
who were known to be physically less active. The alkalosis which these 
data seem to prove was removed by work and it is probable that the 
beneficial effect of physical exercise which is known to anyone with 
tropical experience may to some extent be due to the shift in the pH. 
Some scanty evidence is also available to indicate that copious water 
drinking may in the tropics shift the pH back to more normal levels. 
Rat experiments conducted in artificial environments with low cooling 
power (175) support the idea of a tropical alkalosis. By the use of 
Hastings’ colorimetric method it was found that 30 of a total of 39 
adapted hot room rats exhibited a pH above 7.40, the maximum being 
7.80. Of 18 control rats only 6 fell in the higher pH category, the maxi- 
mum being 7.45. But on the other hand, if the existence of a tropical 
alkalosis is confirmed by others, who can guarantee whether it may not 
be, for instance for man in the tropics, just as normal as a slightly 
lower pH is for the inhabitant of cooler latitudes? 

BiLoop suGAaR. More data are available with respect to the blood 
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sugar level in the tropics than to any other part of blood chemistry. 
McCay (118) discovered high fasting sugar levels in Hindus and 
attributed this to the high carbohydrate content in the diet. On the 
other hand van Langen (103, 104, 106) claimed to have demonstrated 
an exceptionally high sugar content in the blood of healthy white in- 
habitants of the Dutch Indies and blamed the climate for this abnor- 
mality. He concluded that diabetics should be warned not to immigrate 
to the tropics. In the light of the subsequent investigations (16, 43, 
60, 140, 154, 174, 193) in this line which were stimulated by van Langen’s 
pronouncement it has become increasingly evident that some technical 
imperfection must have vitiated his results. A scrutiny of these later 
investigations makes it clear that not only does the blood sugar level 
in the tropics never reach an excessive height but it rather tends to 
occupy low levels. A drop in the blood sugar seems even to occur with a 
prolonged tropical sojourn and descendants as a rule exhibit lower 
levels than immigrants. Rat experiments (175) have indicated that a 
certain parallelism is evident in the decrease in blood sugar and in the 
reduction of cooling power. 

NON-PROTEIN NITROGEN. In connection with urinary excretion 
reference has already been made to the conflicting data (16, 60, 102, 
140, 156, 174) which are available as regards the total non-protein 
nitrogen of the blood. Of these the Australian series is the most com- 
plete, including not only a “statistical” part but also repeated observa- 
tions on one individual in the tropics and in cooler climate. Whilst 
the non-protein nitrogen outside the tropics and also during the cooler 
part of the year in the hot climate conformed to normal standards a 
progressive rise in these blood constituents up to 50 mgm. took place in 
the more trying season. As a rule the total rise in non-protein nitrogen 
was equally distributed on its various components. On the other hand 
rat experiments (175) have suggested that low cooling power may cause 
an increase in the urea and amino acid fractions, but a decrease in the 
total creatinin, uric acid and nucleotide nitrogen. A small decrease 
in the uric acid in man has also been shown in Java (16). 

PHOSPHORUS OF THE BLOOD. Sundstroem (174) lays stress on the 
diminution of the phosphorus of the blood which he found both in white 
residents and rats in the Queensland tropics and afterwards in rats 
exposed to low cooling power in artificial climates. He believes that 
this decrease in the blood phosphorus, acid-soluble as well as lipoid, 
constitutes one of the more important effects of the tropical climate. 
No evidence for a reduction in the inorganic phosphorus was, however, 
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produced. Sundstroem believes that a “hypolecithinemia” is beneficial 
by assisting in maintaining a low lecithin: cholesterol ratio, which 
already has been discussed. Still more problematical is naturally the 
hypothesis that the phosphorus impoverishment may interfere with the 
synthesis of nuclear material, although some circumstantial evidence 
was adduced by Sundstroem for this theory by demonstrating a close 
correlation between the lipoid phosphorus levels and the nuclear mor- 
phology of the polynuclear leucocytes and also by showing that the 
lipoid phosphorus level was extremely low in children at the time of 
their slowest growth. Subsequent rat experiments have shown a 
parallelism between the curves of phosphorus content, both acid-soluble 
and lipoid, of the blood and the curves for the cooling power in four 
environments which were graded as to this meteorological factor. A 
few phosphorus analyses of human blood have been published from 
Java (16). The figures are fairly high, which might be due to sea- 
sonal influences, the importance of which has been emphasized by 
Sundstroem. 

LIPOID CONSTITUENTS OF THE BLOOD. Van Langen noticed in his 
chemical studies of the blood of Malay subjects (100) subnormal values 
for cholesterol and believed that these findings indicated a climatic 
effect but modified his opinion in a later publication (101) in which he 
emphasized the codperation of nutritional factors. The blood “‘fat’’ 
was found by the same observer (108) to be as a rule decreased in the 
tropics. In chemical blood studies on white inhabitants of tropical 
Queensland (174) the cholesterol usually conformed with accepted 
standards, although some figures were registered for the hottest part 
of the year which were decidedly high. In a ‘“‘seasonally’’ conducted 
series proof was obtained for an antagonistic behavior of the lecithin 
and cholesterol curves, high levels of the former coinciding with low 
levels of the latter and conversely ; which again seems to support the idea 
that some mechanism may be operating in the hot environment which 
aims rather at the adjustment of the ratio between the two lipoid sub- 
stances than of the absolute level of any of them. Radsma (140) 
working in Java has recently published some cholesterol analyses of the 
blood of whites and Malays. The results closely resemble as to ranges 
and averages the figures from tropical Australia which have been 
discussed. There does not seem to be any difference between the blood 
cholesterol levels in the two races in Java. 

SUSPENSION STABILITY OF RED CELLS. In connection with the blood 
chemical work (174) which was carried on in North Queensland attention 
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was directed to the possible value of changes in the suspension stability 
of red cells in gauging tropical adaptation. A decrease was as a rule 
observed in this property of blood suspensions and correlations were 
suggested with other acclimatization phenomena. Continued experi- 
ments in this line on rats (175) exposed to low cooling power have con- 
firmed the results of the human experiments. The figures representing 
the height (in millimeters) of the clear plasma layer after 30 minutes 
standing of the micro containers at an angle of 45° and at 37°C. are: 
control rats 8.2, ‘‘native muggies”’ 10.5, fanned heat rats 10.9, “muggies”’ 
13.8, recent heat immigrants 15.4. These figures suggest that length 
of heat exposure and the severity of the climate may be determining 
factors. Besides the work has quite strongly indicated that the sus- 
pension stability is correlated with the difference between the specific 
gravity of the plasma and the corpuscles, which circumstance estab- 
lishes the value of this novel test in tropical physiological investigations 
in which we have reason to believe the water regulation is one of the most 
important phases. 

NUMBER OF RED CORPUSCLES. All early writers on the effect of a hot 
environment on man believed in the existence of a tropical anemia with 
a climatic etiology. The sallowness of the skin, which is usual in 
tropical residents, was given as a symptom of such an anemia and some 
pioneer blood countings (2.4 to 2.8 million reds, Magelhaes in Rio, 
ref. Jousset) seemed to point in the same direction. If the technic was 
beyond reproach the cases must have been pathological. The advent of 
more acurate microscopical methods led several investigators in the 
Dutch Indies (52, 69, 70, 149) to undertake studies of the red count and 
the hemoglobin content of the blood. All of these studies yielded the 
surprising result that man in the tropics with regard to his blood mor- 
phology is not worse off than man in cooler climates. Work of a similar 
nature was carried out in the Philippines where Wickline (185) however, 
while finding a small increase of the red count, showed a drop in the 
color index. The still more abundant material of Chamberlain (36) 
on American soldiers confirmed these results as also did the series of 
Cuthbert (45) in tropical Africa. Breinl and Priestley (22) found no 
striking abnormalities in healthy school children in tropical Queensland 
as regards the number of erythrocytes and color index. A number of 
explanations have been advanced to account for the sallowness of the 
skin of tropical residents which prevails in spite of the normal red count 
(163). 


In more recent investigations it has been pointed out that far from 
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interfering with the function of the erythropoiétic organs the tropical 
climate may often act to stimulate these organs. Such an effect was 
already indicated, however, by the blood studies of Maréstang (122). 
This new viewpoint is especially supported by some individually con- 
ducted investigations (174, 184). In hot desert climates an increase 
of the red cells has also been found (151, 186). Of great significance 
in connection with this problem is the finding by Barcroft (13) of an 
increase in the number of reticulated red corpuscles in a hot environ- 
ment. Knipping (91) noted on a sea voyage an appreciable increase in 
the blood hemoglobin of several of his fellow passengers. He also 
carried out blood regeneration tests on dogs after pyrodin injections. 
The hemoglobin content returned to normal in a shorter time in the 
tropical experiments than in the control ones. In two cases of severe 
hemorrhages, EKijkman found in Java a normal time for the blood 
regeneration. Mice exposed to humid heat have exhibited a red 
count which in average was 10 per cent higher than in the controls 
(172). Hemoconcentration was in this case thought to be a contribu- 
ting factor, but subsequent findings of a hemodilution in small rodents 
under such climatic conditions may suggest that the blood-forming 
organs of the heat mice were more active than those of the controls. 

WHITE BLOOD coRPUSCLES. Regarding the number of white cells 
found in the blood of tropical inhabitants the published data indicate 
either normal (34, 99) or, in quite a number of cases, subnormal (152) 
figures. The occasional finding of higher white counts (22) may be 
indicative of a failure of sufficient control of the material as regards 
intestinal and other parasites. More individually conducted investiga- 
tions (174) have generally shown subnormal white counts which after 
the return to a cooler climate have come back to normal levels. Mice 
exposed to a humid hot artificial climate likewise showed a definite 
leucopenia (172). The differential count has been investigated in 
several tropical laboratories (22, 34, 99, 109, 174) and as a rule the 
polynuclears have been found reduced. 

A considerable interest has become manifested in the behavior of the 
polymorphonuclear leucocytes as classified according to Arneth. A 
shift to the left of the Arneth index was discovered by Chamberlain and 
Vedder (37) in healthy Filipinos and was assumed by them to signify 
a physiological effect of the tropical climate and also a lowered resistance 
to infections in native races. White soldiers in the Philippines showed 
the same effect to a less degree. Breinl and Priestley (23) found the 
same change in the Arneth count in healthy white children in tropical 
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Queensland and stressed its physiological nature but questioned its 
connection with the resistance to disease. Breinl has also shown the 
same characteristic of the nuclear picture in Australian (25) and New 
Guinea aboriginals (24). Failures to confirm this interesting finding 
with respect to the morphology of the leucocytes have been reported 
from other tropical places (99, 115, 124) but on the other hand series 
are on record (174) which make it probable that such negative findings 
might have been due to seasonal remissions in the blood picture and 
that the phenomenon in question may be correlated with chemical blood 
changes which occur in tropical residents. 

PULSE RATE. The observations which in great numbers have been 
reported on the pulse rate as affected by tropical climate (21, 35, 50, 90, 
131, 184, 194) lack the standardization for instance with regard to 
psychic factors and exercise which could render them of value in a 
system of adaptive mechanisms. It would be interesting to correlate 
the pulse rate with the basal metabolism—a rise in the first part and a 
drop at more advanced acclimatization, if our information is correct— 
and a corresponding curve in the pulse rate has indeed occasionally been 
demonstrated. Evidently the circulatory disturbances which result 
from the filling of the peripheral capillary bed tend to obscure the 
correlation of the pulse with the metabolic rate. 

BLOOD PRESSURE. Jousset (90) gives in his book a considerable 
number of pulse tracings obtained both from natives and from whites in 
various stages of tropical adaptation. As time went on a change took 
place in the type of the tracings, the initial low amplitude being replaced 
with wide oscillations and a marked dicrotism. The conclusion of 
Jousset that this means a change from a lowered blood pressure in the 
beginning to normal or even higher pressure at further advanced acclima- 
tization has been confirmed in a direct way by some more recent ob- 
servers. Of special value are those sphygmomanometric studies in 
which the base line has been obtained before the subjects entered the 
tropics (91). On the other hand other reports (21, 35, 89) deny any 
tropical effect on the blood pressure and still others believe in a pro- 
tracted lowering influence on this physiological manifestation (41, 130). 
Violent exercise in hot environment leads to a rapid rise in systolic 
blood pressure followed by a drop (194) and in laborers the blood pres- 
sure curve tends to reach lower levels in the later part of a hot day. 
Systolic and diastolic curves run parallel (21). 

RESPIRATION RATE AND VOLUME. It is difficult to coérdinate the 
studies in this line since a diminution has been reported almost as 
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frequently as an augmentation. Rattray (143) found in the tropies a 
decrease of 7.6 per cent (as compared with England) in the rate and 
volume of respiration. Jousset (90) found an increase in the rate of in 
average 2.4 per minute; the increase was reduced for a prolonged tropical 
sojourn but not to the normal level. Jousset was aware of the value of 
a stimulated respiration in promoting an enhanced water evaporation. 
On a large number of white soldiers Chamberlain (34) showed an aver- 
age respiration rate of 19.3 in the tropics as compared with 17 to 18 in 
America. Again Wick (184) believes in a decrease. Knipping’s series 
(91) is probably the most valuable of them all. He found a decrease 
of the rate of up to 37 per cent, but an increase of the volume up to 41 
per cent. Knipping calculated that in average 248 Calories were gotten 
rid of by the excess water elimination in consequence of the augmented 
respiratory volume. The lowered alveolar CQ, tension which seems 
to be the rule in the tropical climate also points in the direction of an 
increased respiratory volume. 

GrowTH. No comprehensive evaluation of the effect of the tropical 
climate on growth is yet possible but a few ideas have been conveyed 
by the investigations on the subject. Rattray (144) found that naval 
‘adets on several cruises in tropical waters grew in height more rapidly 
than in England but that their growth in weight was retarded. Rattray 
considered the resulting weedy body shape an unfavorable climatic 
effect. Investigations in Java (88) also indicated a more rapid growth 
in stature than in weight. Any tendency to a weedy body form was 
not observed in white children in tropical Queensland which might have 
been due to a somewhat less trying climate. We have already referred 
to the theory that a weedy body shape may be beneficial to the heat 
regulation. 

Statistical growth series in tropical Australia (174) have not borne 
out the unfavorability of the environment by a consideration of the 
variability in growth, an increase of which according to Robertson 
tends to accompany conditions which are inimical to physical develop- 
ment. The same tropical growth experiments have demonstrated that 
humid heat may under certain conditions act as a stimulant on the 
adolescent growth of white children. The growth curves for both 
stature and weight occupied for the periods 9 to 14 years higher levels 
than for children of the same racial stock in temperate climate. This 
stimulation in growth coincided with the hottest part of the year and 
if we can trust the tentative experiments which were carried out to test 
the biochemical composition of the blood of these children at the time 
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of the year when the growth stimulation waned we are led to question 
the favorability of the rapid adolescent growth and whether it is com- 
patible with a harmonious development in all directions. 

Only by use of animal experiments under artificially produced con- 
ditions may one succeed in studying separately the growth effects of each 
of the meteorological factors, temperature, humidity, wind and light. 
Such experiments are available for mice (168) and rats (175). From 
these experiments it appears that the humid heat constitutes a growth 
retarding factor, especially in animals which in already growing state 
are introduced into the hot room. In mice which were born in the 
“tropical” room a temporary growth stimulation was shown to occur. 
Succeeding generations may behave differently and after a couple of 
generations with extremely stunted growth a generation was again 
reared which exhibited a more satisfactory growth. Strong light which 
alone was shown to possess a growth stimulating effect, when combined 
with humid heat suppressed the growth below the levels exhibited by the 
series exposed to only humid heat. Of singular interest is the improve- 
ment which follows motion of the hot and humid air by use of electric 
fans. Already indicated by mice work, this phenomenon has been 
firmly established in two separate subsequent series on rats. It can 
therefore be stated with tolerable confidence that any measure which is 
employed to raise the cooling power in a humid and hot environment 
will at least partly neutralize the growth retarding effect of the tropical 
climate. It even appears that a definite proportionality exists between 
the growth velocity and the available cooling power. 

Repropuction. For obvious reasons it is difficult to procure reli- 
able data on this part of the physiology as applied to man in a tropical 
climate. The insufficient data (71, 174) we possess with respect to 
the first incidence of menstruation of white girls indicate that it does 
not take place exceptionally early. As is well known, native girls 
menstruate very early but the proof that the climate alone is responsible 
is by no means easy to produce. Steinach and Kammerer (158) believe 
that a moderately severe tropical climate will lower the age of matu- 
rity, whilst on the other hand extreme conditions may work the other 
way. In the tropical obstetrical literature it has been stated, for 
example, that the hot climate predisposes to sterility of women, to 
menstrual abnormalities, to abortions and to post-puerperal hemor- 
rhages (33, 116). The menopause is assumed to occur earlier (90). 
Again, animal experiments under natural or artificially produced tropi- 
cal conditions are destined to contribute materially to our knowledge of 
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reproduction in a hot environment. Some experiments (79, 160) have 
been reported on the histological structure of testes and ovaries as 
affected by high temperature, which studies indeed have demonstrated 
profound abnormalities, but the drastic environmental conditions 
usually employed deduct considerably from their value for the problem 
here under debate. Steinach and Kammerer, whose procedures seem 
to have been less inimical to the general welfare of their rats, report 
that the fertility of the females and the size of their litters were both 
affected in direction of a diminution. Elsewhere no change in the size 
of the litters of ‘‘tropical’’ mice has been found (168). Przibram (137) 
has published some data on the oestrous cycle of rats exposed to high 
temperature, which data he believes show no effect. 

Under the expert supervision of Prof. H. M. Evans, work has been 
for the last year carried out in this laboratory (in collaboration with 
the Department of Anatomy) to study the reproductive functions of 
rats as affected by reduced cooling power. Previously it had been 
found that male rats which had been exposed to humid heat and stag- 
nant air conditions for six months, beginning at the age of four weeks, 
exhibited a condition of the testes which was indicative of sterility. 
Litter brothers which were continuously fanned possessed normal testes. 
According to the new set of experiments by a standardized technic the 
onset of sterility was delayed. In seven months old hot room males 
we succeeded in obtaining positive matings of every rat with oestrous 
females from outside, although the willingness to mate seemed to be less 
pronounced than in the controls. Each of these positive matings re- 
sulted in a normal pregnancy. When the same males were 15 months 
old they were again repeatedly mated with oestrous females, but at this 
time, while sperm was found for the majority of the males, the females 
nevertheless failed to conceive with the exception of four experiments 
in which the employed males were born in the hot room. The controls 
were sexually normal. The conclusion seems therefore warranted that 
such reductions of cooling power which may also prevail in actual tropics 
may in certain cases ultimately lead to a sterility of the males due to 
inactive sperm. With regard to the females it was found that the vagina 
opened as a rule in the hot room animals at an earlier age than in the 
controls and especially so in those females which were not fanned. 
Extensive data have been collected as regards the oestrous cycles which 
in the hot room females have been found to resemble closely those of 
the controls. Pronounced abnormalities have been noticed only at 
times when the cooling power was further reduced. When the atmos- 
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pheric conditions have again become stationary the cycles have returned 
to anormal type. In the majority of cases the hot room females have 
been successfully mated with one of the potent “muggy, native” males 
but the pregnancies have only in two instances proceeded to full term 
and resulted in the birth of living young. Mostly the fetuses have died. 
Typical resorptions have been proven to take place, whilst attempts of 
other females to expel the dead fetuses have led to fatal uterine 
hemoirhages. ! 

GROWTH OF HAIR AND NAILS. Since the fur of animals becomes an 
impediment to the heat regulation in a hot environment a thinning of 
the coat has been suspected as constituting an adaptation mechanism 
to lowered cooling power. Darwin cites several instances of the fleece 
of sheep being affected by great heat. Comparative weighings of the 
shaved off hair covering of experimental animals (164, 166, 170) have 
led to contradictory results. On the other hand observations have been 
reported (170) which show that mice which for several generations have 
been reared in a hot room may give rise to an almost hairless modifica- 
tion, which again when suddenly exposed to a cool environment ac- 
quired a fur within a very short time. The explanation which is nearest 
at hand, namely, that the skin itself might have been directly stimulated, 
seems to be the less probable alternative, the other alternative that the 
loss of hair and subsequent growth might have been correlated with 
variations in the general anabolic level receiving support from some 
experiments on human hair growth which are on record (174). In this 
latter research series the growth of the hair of a man was ascertained 
for some time in the tropical climate and subsequently at cooler latitudes. 
It may be assumed that the hair on the head of man has lost its réle 
as a heat insulator. Nevertheless, it was found that the hair grew in 
the tropics at a rate which was in average 11 per cent slower than in the 
temperate climate. Furthermore, the most rapid rate coincided in the 
tropics with the first part of the oppressive season, when also other 
functions were improved, whilst a sudden decline in hair growth oc- 
curred when metabolic processes showed signs of slowing down. More- 
over, return to a cooler climate resulted in a considerable stimulation 
of hair growth, which growth then proceeded with seasonally deter- 
mined cycles, exhibiting a maximum in June and a minimum in Decem- 
ber. The total nail growth was in the tropics retarded by 11 per cent, 


1From more recent mating experiments on “tropical’’ rats in this labora- 
tory it appears that the reproductive function of these animals may consider- 
ably improve already in the second “‘descendant’’ generation. 
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equally as for hair growth and also the seasonal fluctuations were in 
their main parts identical with those of the growth of the hair. 
PIGMENTATION. The integumental parts of the body deserve at- 
tention from another angle in tropical physiology. The pigmentation 
has been repeatedly given prominence in such work, but because of the 
extremely incomplete information regarding the biochemical reactions 
which underlie formation of pigment very little headway has been 
made in the application of this problem to tropical work. The deepen- 
ing of the skin pigment in hot climates has been accepted as due to solar 
radiation and its purpose to protect against this same radiation, a 
circuitous way of reasoning which, however, seems to satisfy most 
writers on the subject. The effectivity of sunlight in producing pig- 
mentation in unprotected areas of white skin and the apparent immunity 
of such pigmented patches to irritation are well known facts. In 
experiments on recessive albino mice (170) it was found that strong 
light was capable of producing a creamy colored modification and micro- 
scopical examination of the hairs showed fine golden yellow granules 
identical as to size and location to granules seen in more recent rat 
experiments in black or grey hairs which had been bleached by the hot 
environment. The most peculiar circumstance, however, was the dis- 
covery that such yellow mice strains also originated in the hot and 
humid climate without the agency of strong light. The phenomenon 
was provisionally interpreted as a real pigmentation brought about 
by the external heat and therefrom resulting higher skin temperature 
and the hypothesis was formulated that the optimal temperature for 
pigment formation might be nearer the tropical temperature than the 
temperature at which the animals had been previously bred. From 
some quarters (Sumner, Ecology, vol. 6, p. 368) the accuracy of these 
observations, in so far as they signify the appearance of real pigment in 
albino animals, has been questioned and the lack of real granules in 
“tropical”? white rats (175) which in great numbers have exhibited the 
same creamy to reddish yellow color certainly strikes a discordant note. 
But even if the effect of humid heat in altering the coat color of white 
rodents would be nullified there remains to be considered the very strik- 
ing reddening of the fur of black and grey rats which has been observed 
to occur. The hairs in these cases have lost their black -pigment 
granules which have been replaced by yellow granules in decreasing 
sizes and occasional hairs have been seen which show gradations from 
larger to minute yellow granules and to absence of granules with the 
yellow color pervading the hair shaft. It seems possible that in the 
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pigment formation the “condensation phase” may fail in some cases to 
result in visible granules and that such an explanation may be ap- 
plicable to the lack of granules in the hairs of white rats which have 
acquired color when exposed to low cooling power. At any rate, we may 
feel confident that a hot and humid environment affects the pigmenta- 
tion of animals. It must be left for future investigations to decide the 
precise nature of this change and the place it will find as a link in the 
adaptive mechanisms to ‘‘tropical’ climate. It is possible that the 
pigment, of the hairs at least, lacks any useful rdle and that it, like the 
hair growth, only forms visible expressions of the state of general 
metabolic processes. Two single observations may suggest this. A 
thyroidectomized black rat reared in a cool environment also showed a 
reddish tinge of the fur. On the other hand a female “muggy” rat 
which originally was grey colored but which in the hot room had turned 
red had a litter and died six weeks later. Examination of the fur 
exhibited a sharp demarcation line between a distal red and a basal 
purely grey portion of the hairs. Since in all other “‘red”’ rats the color 
commences from the roots of the hairs it becomes interesting to speculate 
as to the réle the disturbances in metabolic functions which took place 
at the time of pregnancy might have played in affecting the hair pig- 
mentation. One naturally thinks in the first hand of endocrinal organs, 
adrenals, thyroids or a coéperation of both. 

ENDOCRINAL FUNCTIONS. More than once the opinion has been ex- 
pressed that the glands with an internal secretion may be disturbed in 
their functions by a tropical climate. Rearing animals in hot environ- 
ments has by several observers (79, 127, 161) been reported to result in 
histological appearances of the thyroid which indicate subfunction. 
In “heat mice’ and also in mice exposed to strong light a slight decrease 
in the resistance to injections of acetonitril has been demonstrated 
(171). The decrease in size of the thyroid which takes place in rats ex- 
posed to reduced cooling power has already been mentioned, but is 
evidently of little use in a discussion of the thyroid function. The 
drop in basal metabolism in similar environments may have an in- 
direct bearing on the problem in question (174). 

Indications of an exhausting effect on adrenals by a hot environment 
have been produced (44). That the adrenal cortex may in some way 
be affected by continuous heat exposure has been suspected but no 
direct evidence has been offered (174). The adrenals do not seem to 
participate in the progressive relative weight decrease as shown for 
thyroids and also for other organs (175). That the function of the 
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islands of Langerhans may have to be considered is suggested by ob- 
servations of Voegtlin and Dunn (183) who noted an increased toxicity 
to insulin doses in consequence of raised temperature of the rooms in 
which the animals were kept. These writers, themselves, however, 
believe that absorptive differences may account for the results. Knip- 
ping (91) while failing to observe any histological change in the thyroids 
of swine imported to the tropics, claims to have seen the cellular struc- 
ture of the hypophysis gland affected in these animals. Steinach and 
Kammerer (158) observed a proliferation of the interstitial cells of the 
testes of rats which were reared in a warm environment. 

NERVOUS SYSTEM. It remains to point out the few attempts which 
have been made to study the functions of the nervous system in hot 
climates. Such studies have been undertaken mainly in the hope of 
throwing some light on the psychological phase of tropical reactions in 
white colonists. That such reactions actually exist can not be doubted, 
that the nervous system frequently becomes upset in residents of hot 
climates is equally true but in such cases it is extremely difficult to make 
the climate alone responsible for these conditions. At least it appears 
problematical to be able by physiological and biochemical methods to 
furnish the desired evidence for altered functions of the nervous system. 
Possibly the indications of disturbed hydration phenomena may offer a 
clue. At the present time the available information is of a purely 
physiological type. Of historical interest only are Jousset’s (90) 
comparative studies of the tactile and visual sense as affected by the 
tropics. Of course no change was found. Grijns (75) claims to have 
shown a prolongation of the reaction time to stimuli in consequence of 
tropical sojourn. Experiments in the same line elsewhere have failed 
to support this conclusion (174). 

The disparity in the observed responses to a tropical climate, which 
becomes distressingly manifest in a sectional discussion of the field 
would probably become intelligible if we were enabled, in an individualiz- 
ing way, to fit each separate functional effect into its proper place in the 
adaptation process at large. It is conceivable that individuals may not 
be all alike in their choice of the acclimatization mechanisms which 
nature has placed at their disposal. Some may succeed in striking the 
medium road preferring to divide up the burden imposed by a trying 
environment on several functions without unduly overtaxing any of 
them. _nsuch cases it may be difficult by our as yet imperfect methods 
to detect any measurable deviation from accepted standards. On the 
other hand it appears to be fairly well established that others may ex- 
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hibit abnormalities as a consequence of their failure to equilibrize the 
acclimatization process. 

Since only in exceptional cases attention has been given to the need 
of correlation of the findings as regards the physiological effect of tropical 
climate the time is yet far off when it will be possible to decide whether 
such a climate predisposes to a different type of functional coédrdination 
or not. Van Langen (105) has suggested that the trend in the tropics 
is towards the development of a sympaticotonic type. The rdéle of the 
endocrinal system in affecting any change in physiological coérdination 
in hot climates may, however, correspond better with modern thought. 

There may be some truth in the severe criticism of a writer who char- 
acterizes the output in the tropical physiological field as ‘‘a number of 
hypotheses in chaotic disorder without proofs and without a leading 
idea being manifest in the various considerations.’”’ This may partly 
be due to the fact that no such eminent physiologists have been at- 
tracted to this field as for instance to the altitude physiology. The 
writer has also become increasingly convinced of the futility of trying 
by individual efforts to find the final answers to the many problems 
which the tropics offer the physiologist. However, looking back upon 
the scientific production especially during the last 40 years we encounter 
in our opinion a considerable number of hints and workable ideas which 
we believe will prove useful when a new era commences, when “‘group”’ 
studies by competent men will replace individual efforts, when sufficient 
financial means will be available to consider not only scattered localities 
but the tropical region as a whole, when it will be possible to follow up 
any promising phase to a point beyond mere “suggestions” with due 
consideration of the correlations with other body functions, and when, 
consequently, the whole science of physiology will be placed in the 
tropical frame. 

This paper is not the proper place for outlining the practical issues 
which could conveniently be included in such a program. Among 
problems of a more general physiological interest may be mentioned: 
1, the water regulation in connection with the heat regulation; 2, cel- 
lular permeability and hydration phenomena; 3, the interaction of 
endocrinal glands; 4, the muscular efficiency in connection with the 
lactic acid problem; 5, the blood as a system; 6, growth, reproduction 
and longevity; 7, morbidity and mortality as affected by physiological 
changes. The list is chosen at random and is far from complete. Fi- 
nally, we may say that a single firmly proven qualitative biochemical 
change will be more valuable in demonstrating a real effect of the tropi- 
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cal climate than a score of quantitative measurements of altered phys- 
iological manifestations. 
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ERRATUM 


In the January issue, no. 1, volume vii, in the article by Baas-Becking and 
Parks: 


Foot of p. 94. The minimal efficiencies should be 7.5 and 5.9 per cent re- 
spectively, instead of 0.6, as given for both experiments. 

Table, p. 104, 3rd column, 2nd line, should read 6.7-29.6 (limits) instead of 
0.6-29.6 (limits). 





